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• Charm CPV

• XYZ states

• Hyperon CPV

3 “killer apps”!



D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011

• Medium-energy, high-intensity neutrino beam

• Low-energy, high-intensity neutrino beam

• Long-baseline neutrino experiments

 and
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What makes Fermilab 
unique?

! World’s best antiproton source!
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• Fermilab Antiproton Source is world’s highest-energy

• And most intense:

... even after (≈1G!) FAIR@Darmstadt turns on

‣ What compelling physics can we do with it?

Antiproton Sources

4

1 Introduction

We propose to assemble a simple, cost-effective, yet powerful magnetic spectrometer at
the AP-50 experimental area of the Fermi National Accelerator Laboratory Antiproton
Source, by integrating and suitably augmenting existing equipment. This will capitalize on
Fermilab’s substantial investment in the Antiproton Source, by far the world’s best facility
for producing antiprotons. It will allow unique investigations of charm, charmonium, and
hyperons, studying and searching for rare decays and symmetry-violating effects with world-
leading sensitivities. It may also constitute the only hadron physics carried out at Fermilab
in the years immediately following the completion of the Tevatron program. As such, it will
substantially broaden the Lab’s physics program and multiply the number of available thesis
topics severalfold, thereby playing a valuable role in continuing to attract a cross-section of
U.S. physics students into our field.

Table 1 summarizes the parameters of current and future antiproton sources. It can be
seen that the highest-energy and highest-intensity antiproton source is at Fermilab. Having
formerly served medium-energy antiproton fixed-target experiments, including the charmo-
nium experiments E760 and E835, it is now dedicated entirely to the Tevatron Collider,
but could again be made available for dedicated antiproton experiments upon completion of
the Tevatron program (towards the end of 2011 according to the present schedule, although
the possibility of a Tevatron run extension is under consideration). The CERN Antiproton
Decelerator (AD) provides low-energy antiproton beams at a tiny fraction of the intensity
now available at Fermilab. Germany’s >∼billion-Euro plan for the Facility for Antiproton
and Ion Research (FAIR) at Darmstadt includes construction — yet to be started— of 30
and 90 GeV rapid-cycling synchrotrons and low- and medium-energy antiproton storage
rings [1]. Antiproton operation at FAIR is anticipated on or after 2018.

Table 1: Antiproton energies and intensities at existing and future facilities.
p Stacking: Operation:

Facility Kinetic Energy Rate Duty Hours p/Yr
(GeV) (1010/hr) Factor /Yr (1013)
0.005CERN AD
0.047

– – 3800 0.4

Fermilab Accumulator:
Tevatron Collider 8 > 25 90% 5550 > 150
proposed ≈ 3.5–8 20 15% 5550 17

FAIR (>∼ 2018*) 1–14 3.5 15%* 2780* 1.5

∗The lower number of operating hours at FAIR compared with that at other facilities arises
from the collection ring being shared between the antiproton and radioactive-beam programs.
Due to the modular staging of the FAIR facility, stacking of antiprotons will initially be done
in the experiment ring, leading to the small duty factor shown here. FAIR’s stacking ring is
planned for installation several years after initial operation.

2 Experiment Overview

In the flavor problem, nature presents us with a very challenging puzzle. In the more than
30 years since the Standard Model was established, our failure to discern what deeper theory
underlies it indicates the difficulty of this challenge. Our clues— the behaviors of 6 quarks
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• 5 places to search for new sources of CPV:

- Kaons

- B mesons

- Hyperons

- Charm

- Neutrinos

(+ EDMs – but they’re T-violating)

Non-KM CP Violation

} Years of intensive new-physics 
searches have so far 
come up empty*

Crucial to look elsewhere as well!

}
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*except for (unconfirmed) DØ dimuon anomaly
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• SM: Penguin– Tree interf. in CS 
modes →O(10–4–10–3) CPV

☞ LHCb: much larger effect?

• SM: In CF & DCS modes, only 
1 diagram

 ⇒0 direct CPV

• Indirect CPV also possible – 

 - ≈ mode-indep., & small in SM

 !Many potential “smoking guns” 
for New Physics 

 !Unique access to up-sector NP
6

Charm CP Violation
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• Last month at HCP 2011:  LHCb 3.5σ signal for D0 
direct CPV

 ‣ 

 ‣
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New LHCb D0 CPV Result
Formalism

• ... so when we take ARAW(f)* ! ARAW(f′)* the production and soft 
pion detection asymmetries will cancel. Moreover...

•No detector asymmetry for D0 decays to (K+ K!), (π+ π!)

8

ARAW (f) ≡ N(D0 → f)−N(D
0 → f̄)

N(D0 → f) +N(D
0 → f̄)

ARAW (f)∗ ≡ N(D∗+ → D0(f)π+)−N(D∗− → D
0
(f̄)π−)

N(D∗+ → D0(f)π+) +N(D∗− → D
0
(f̄)π−)

ARAW (f) = ACP (f) +AD(f) +AP (D
0)

ARAW (f)∗ = ACP (f) +AD(f) +AD(πs) +AP (D
∗+)

physics CP asymmetry

Detection asymmetry of D0

Detection asymmetry of soft pion

Production asymmetry

... i.e. all the D*-related production and detection effects cancel.
This is why we measure the CP asymmetry difference: very robust 
against systematics.

Shorthand: ∆ACP ≡ ACP (K
−K+)−ACP (π

−π+)
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Result

Significance: 3.5 σ

15

∆ACP = [−0.82± 0.21(stat.)± 0.11(sys.)]%

• Claim systematics ≈ cancel due to subtraction

! The first evidence for New Physics from LHC?

• CDF:           

 ‣ Independent confirmation now becomes urgent

(based on 1.4 " 106 tagged K+K–, 0.4 " 106 π+π–) 
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FIG. 14. Distribution of proper decay time (in units of D0 lifetime) for sideband-subtracted tagged (a) D0 → π+π− and (b)
D0 → K+K− data. Fit results are overlaid including the component from secondary charmed mesons (red).

This corresponds to the following upper limits on CP
violation in charm mixing:

|Aind
CP(D

0)| < 0.13 (0.16)% at the 90 (95)% C.L.

The bias toward longer-lived decays of the CDF sam-
ple offers a significant advantage over B-factories in sen-
sitivity to the time-dependent component, as shown in
Figs. 16 (a), (c).

B. Direct CP violation only

Assuming that CP symmetry is conserved in charm
mixing, our results are readily comparable to mea-
surements obtained at B-factories; ACP(π+π−) =
(0.43 ± 0.52 (stat) ± 0.12 (syst))% and ACP(K+K−) =
(−0.43 ± 0.30 (stat) ± 0.11 (syst))% from Belle, and
ACP(π+π−) = (−0.24 ± 0.52 (stat) ± 0.22 (syst))% and
ACP(K+K−) = (0.00± 0.34 (stat)± 0.13 (syst))% from
BABAR (Figs. 16 (b)-(d)). The CDF result is the world’s
most precise.

C. Difference of asymmetries

A useful comparison with theory predictions is
achieved by calculating the difference between the asym-
metries observed in the D0 → K+K− and D0 → π+π−

decays (∆ACP). Since the difference in decay-time accep-
tance is small, ∆〈t〉/τ = 0.26± 0.01, most of the indirect
CP-violating asymmetry cancels in the subtraction, as-
suming that no large CP-violating phases from non-SM
contributions enter the decay amplitudes. Hence ∆ACP

approximates the difference in direct CP-violating asym-
metries of the two decays. Using the observed asymme-
tries from Eq. (7), we determine

∆ACP =ACP(K
+K−)− ACP(π

+π−)

=∆Adir
CP +Aind

CP∆〈t〉/τ
=A(KK∗)−A(ππ∗)

=
(

−0.46± 0.31 (stat)± 0.12 (syst)
)

%.

The systematic uncertainty is dominated by the 0.12%
uncertainty from the shapes assumed in the mass fits,
and their possible dependence on the charge of the D∗

meson. This is determined by combining the differ-
ence of shifts observed in Secs. IXD1 and IXD2 in-
cluding correlations: (0.058 − 0.009)% = 0.049% and
(−0.027− 0.088)% = 0.115%. Smaller contributions in-
clude a 0.009% from the finite precision associated to the
suppression of detector-induced effects (Sec. IXA), and
a 0.005% due to the 0.22% background we ignore under
the D0 → π+π− signal (Sec.IXD3). The effects of pro-
duction asymmetries and contamination from secondary
charm decays cancel in the difference.

>1/2 CDF’s 
recorded sample
arXiv:1111.5023
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2011 LHCb result

LHCb band drawn by 
hand, not HFAG approved!

LHCb value consistent with HFAG averages 
given our time-acceptance (approx 1.0σ)
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LHCb

8



ind
CPa

-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02

di
r

C
P

a

-0.02
-0.015

-0.01
-0.005

0
0.005

0.01

0.015
0.02

 LHCb Prelim.CPA
 BaBarCPA
 BelleCPA
 CDFCPA

 LHCb Prelim.A
 BaBarA
 BelleA

Comparison with world average

18

2011 LHCb result

LHCb band drawn by 
hand, not HFAG approved!

LHCb value consistent with HFAG averages 
given our time-acceptance (approx 1.0σ)

Zero CPV

2010 data 
(statistically 

independent)

!"#"$%&

!"#"$&

!"#""'&

!"#""(&

!"#"")&

!"#""%&

"&
"& "#*& $& $#*& %& %#*& +& +#*& )& )#*&

D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011
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Fig. 16. Total cc̄ production cross-sections for fixed-target energies (left) and up to
√

s=200 GeV (right). Open symbols indicate the pp measurements.

Table 12
K-factors which provide the best description of the cc̄ data in pp and p–A collisions, for each PDF set. The last three columns give the elementary
pp cross-sections calculated by Pythia with these K-factors, for three different energies, given in GeV

PDF set K-factor !2/ndf "cc̄ (!b)

Elab = 158 GeV Elab = 400 GeV
√

s = 200 GeV

CTEQ6L (2002) 3.0 1.5 3.6 17.3 796
MRST LO (2001) 3.7 0.8 4.8 18.3 436
GRV LO (1998) 4.5 0.7 5.2 18.2 560

CTEQ6M (2002) 2.5 0.8 4.6 18.3 425
MRST c–g (2001) 2.7 1.0 3.9 17.9 520

The K-factors have a relative uncertainty of around 7%.

after the curves are normalised using the available fixed target data, and given the somewhat different shapes of the
calculated curves, it turns out that at

√
s=200 GeV the estimated cc̄ cross-section is 35% higher with mc =1.7 GeV/c2

and 30% lower with mc = 1.3 GeV/c2, with respect to the default value. The results are summarised in Table 13.
Different definitions of the squared energy–momentum transfer, Q2, can be used. To evaluate the influence of this

setting on our results, we replaced Pythia’s default, equivalent to Q2 = m̂2
T in the processes we are studying, by Q2 = ŝ,

the choice of Refs. [109,110]. Fig. 18 shows the effect of using these two different Q2 definitions on the cc̄ cross-section,
keeping mc = 1.5 GeV/c2 and using the CTEQ6L PDFs.

We see that using ŝ as the Q2 definition leads to significantly lower cross-sections with respect to the values obtained
when using Pythia’s default setting. The difference is energy dependent: at low energies the cross-sections obtained
with the ŝ definition are around 3 times lower, while at

√
s = 200 GeV the difference reduces to a factor of 2. Once the

curves are scaled up to describe the data, the steeper rise with
√

s of the Q2 = ŝ curve leads to 60% higher cross-sections
at

√
s = 200 GeV, with respect to the values obtained with the default setting. The results are summarised in Table 14.

Calculations with other PDF sets give comparable results.
These calculations show that the cc̄ production cross-section at

√
s =200 GeV, as derived from Pythia’s calculations

normalised by the existing SPS, FNAL and HERA-B measurements, can vary by ±30% due to the use of different
sets of PDFs and by around ±30% if the c quark mass is changed by ±15%. Furthermore, using Q2 = ŝ, as done
by some experiments, leads to a 60% higher cc̄ cross-section at

√
s = 200 GeV. From Table 12, where we used the

SVD-2

Figure 6: Total cross sections for pp → cc from (left) Ref. [32] and (right) Ref. [34] (after

Ref. [33].

antiprotons to the ΛΛ, Σ+Σ−
, and Ξ−Ξ+

thresholds, where an experiment at 10
33

luminos-

ity could amass the clean, > 10
10

-event samples needed to confirm or refute the HyperCP

evidence [17] for CP asymmetry in the ΞΛ decay sequence.

1.2.3 Precision measurements in the charmonium region

Using the Fermilab Antiproton Source, experiments E760 and E835 made the world’s most

precise measurements of charmonium masses and widths [6, 7]. This precision (<∼ 100 keV)

was enabled by the small energy spread of the stochastically cooled antiproton beam and the

absence of Fermi motion and negligible energy loss in the H2 cluster-jet target. Although

charmonium has by now been extensively studied, a number of questions remain, most

notably the nature of the mysterious X(3872) state [2] and improved measurement of hc

and η�c parameters [47]. The width of the X may well be small compared to 1 MeV [48].

The unique precision of the pp energy-scan technique is ideally suited to making the precise

mass, lineshape, and width measurements needed to test the intriguing hypothesis that the

X(3872) is a D∗0D0
molecule [50]. These measurements will require the use of a hydrogen

target: either an improved version of the E835 gas jet or a windowless, frozen-hydrogen

target [49].

The production cross section of X(3872) in pp annihilation has not been measured, but

it has been estimated to be similar in magnitude to that of the χc states [51, 27]. In E760,

the χc1 and χc2 were detected in pp → χc → γJ/ψ (branching ratios of 36% and 20%,

respectively [35]) with acceptance times efficiency of 44 ± 2%, giving about 500 observed

events each for an integrated luminosity of 1 pb
−1

taken at each resonance; at the mass

peak 1 event per nb
−1

was observed [52]. The lower limit B[X(3872) → π+π−J/ψ] >
0.042 at 90% C.L. [53] implies that in a day at the peak of the X(3872) (8 pb

−1× [1000

events/pb
−1

]× 0.04/0.36× acceptance-efficiency ratio of final states of ≈ 50%), about 500

events would be observed. Even if the production cross section is an order of magnitude
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[28] A. I. Titov and B. Kämpfer, Phys. Rev. C 78, 025201 (2008).

[29] A. Titov, private communication.

[30] E. Braaten, private communication.

[31] M. J. Leitch et al., Phys. Rev. Lett. 72, 2542 (1994).
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[37] M. Starič et al., Phys. Rev. Lett. 98, 211803 (2007).

[38] C. Amsler et al., Phys. Lett. B 639 (2006) 165.

[39] S. N. Ganguli et al., Nucl. Phys. B 183, 295 (1981).

[40] See http://ppd.fnal.gov/experiments/e907/; we are grateful to the MIPP collab-

oration for making these data available to us.

[41] J. E. Enstrom, T. Ferbel, P. F. Slattery, B. L. Werner, Report LBL-58, May 1972.
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[42] M. Gazdzicki and D. Röhrich, Z. Phys. C 71, 55 (1996).

[43] R. A. Burnstein et al., Nucl. Instrum. Meth. A 541, 516 (2005).

[44] J. Tandean, Phys. Rev. D 70, 076005 (2004); J. Tandean and G. Valencia, Phys. Lett.

B 451, 382 (1999).

[45] C. Y. Chien et al., Phys. Rev. 152, 1181 (1066).

[46] D. S. Gorbunov, V.A. Rubakov, Phys. Rev. D 64, 054008 (2001); D. S. Gorbunov,

Nucl. Phys. B 602, 213 (2001);

X.-G. He, J. Tandean, G. Valencia, Phys. Lett. B 631, 100 (2005).

18

[22] H. Frisch, Univ. of Chicago, private communication; see http://psec.uchicago.edu/.

[23] G. Garzoglio et al., Nucl. Instrum. Meth. A 519, 558 (2004)

[24] A. Bevan, “Flavour physics at B-factories and other machines,” presented at European

Physical Society High Energy Particle Physics Conference, Krakow, Poland, July 16–

22, 2009.

[25] Heavy-Flavor Averaging Group, http://www.slac.stanford.edu/xorg/hfag/charm/.

[26] See e.g. Y. Grossman, A. L. Kagan, Y. Nir, Phys. Rev. D 75, 036008 (2007).

[27] E. Braaten, Phys. Rev. D 77, 034019 (2008).
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 How big is charm cross section 
in 8 GeV p !p annihilation?

• Perturbative QCD not a useful guide
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 How big is charm cross section 
in 8 GeV p !p annihilation?

• Estimates of total charm cross section using pQCD (below 
its range of validity) give ~10-nb values (Artoisenet & Braaten, Vogt)

• Model calculations of exclusive cross sections:

Braaten formula ( !pp"K*K extrapolation):                         ! 1.25 "b
Titov & Kämpfer (Regge + SU(4)):                                    !   0.2 "b   
Khodjamirian et al. (Regge + LCSR):                                 ! 0.14 "b 

• Plausible that inclusive cross section is O(µb)

- if so, a “gold mine”!

• TAPAS can measure it with a few months of running

- will do much more besides
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Figure 5: Total cross sections for pp → D0D∗0
(solid) and pp → D+D∗−

(dashed) from

Regge calculation of Titov and Kämpfer [28, 29] vs. antiproton momentum. As with

Braaten’s formula [27], the D0D∗0
cross section peaks at pp ≈ 8 GeV; however the esti-

mated cross section is a factor of 6 smaller.

taken at Belle. We also note that the Belle result —a D0 → Kπ vs. D0 → KK/ππ lifetime

difference of (1.31±0.32±0.25)% —has comparable statistical and systematic uncertainties.

Thus the precision in a super-B factory may well not improve with increased statistics by

as large a factor as naively expected.

1.2.2 Hyperon CP violation and rare decays

The Fermilab HyperCP Experiment [43] amassed the world’s largest samples of hyperon

decays, including 2.5 × 10
9

reconstructed
(Ξ )∓

decays and 10
10

produced Σ+
. HyperCP

observed unexpected possible signals at the >∼ 2σ level for new physics in the rare hyperon

decay Σ+ → pµ+µ− [18] and the
(Ξ )∓ → (Λ )

π∓ CP asymmetry [17]: AΞΛ = [−6.0 ±
2.1(stat) ± 2.0(syst)] × 10

−4
. Since the pp → Ω−Ω+

threshold lies in the same region

as the open-charm threshold, the proposed experiment can further test these observations

using Ω− → Ξ−µ+µ− decays and potential
(Ω )∓

CPV (signaled by small Ω–Ω decay-width

differences in
(Λ )

K∓
or

(Ξ )0π∓ final states) [44]. The HyperCP evidence is suggestive of

the range of possible new physics effects. More generally, high-sensitivity hyperon studies

are well motivated irrespective of those “signals.”

While the pp → Ω−Ω+
cross section has not been measured, by extrapolation from

pp → ΛΛ and pp → Ξ−Ξ+
one obtains an estimate just above Ω−Ω+

threshold of ≈ 60 nb,

implying ∼ 10
8

events produced per year. In addition the measured ≈ 1 mb cross section

for associated production of inclusive hyperons [45] would mean ∼ 10
12

events produced

per year, which could directly confront the HyperCP evidence (at ≈ 2.4σ significance) for

a possible new particle of mass 214.3 MeV/c2
in the three observed Σ+ → pµ+µ− events

(Fig. 7).
3

Further in the future, the dedicated p storage ring of Table 1 could decelerate

3Such a particle, if confirmed, could be evidence for nonminimal supersymmetry [46].

8

6 8 10 12 14 16 18

pLab (GeV/c)

10−4

10−3

10−2

10−1

100

! 
(µ

b)

D+D*−

DoD*o

pp−>DD*

Figure 5: Total cross sections for pp → D0D∗0
(solid) and pp → D+D∗−

(dashed) from
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• Sensitivity estimate, assuming σ ∝ A1.0 
and L = 2 x 1032 cm-2 s-1:

(based on H.E. fixed-target)

(signal MC)
(MIPP & bkg MC)

(Ti)

p ! Charm Statistics

• 3–30 x 107 tagged K  π± ⇒ 3–30 x 106 K+K–, 1–10 x 106 π+π– 

⇒δΔA ≈ (0.14 to 0.05)%

⇒competitive with LHCb in one year of  p ! running
11

±

Result

Significance: 3.5 σ

15

∆ACP = [−0.82± 0.21(stat.)± 0.11(sys.)]%LHCb:                                         

Table 5: Example sensitivity estimate for D∗
-tagged D0 → Kπ decays (after Ref. [63]).

Note that the reliability of some of these values remains to be confirmed in detail. They

are based on an exclusive cross-section estimate, so the inclusive production rate could

be significantly higher, but the cross section, luminosity, or efficiency could also be lower.

Hence, we show an indicative range of estimates.

Quantity Value Unit

Running time 2× 10
7

s/yr

Duty factor 0.8*

L 2× 10
32

cm
−2

s
−1

Annual integrated L 3.2 fb
−1

Target A 47.9

A0.29
3.1

σ(pp→ D∗+
+ anything) 1.25–4.5 µb

# D∗±
produced (2.5–8.9)× 10

10
events/yr

B(D∗+ → D0π+
) 0.677

B(D0 → K−π+
) 0.0389

Acceptance 0.45

Efficiency 0.1–0.3

Total (0.3–3)× 10
8

events/yr

∗Assumes ≈ 15% of running time is devoted to antiproton-beam stacking.
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Figure 11: Comparison of leading Feynman diagrams for pp → D∗0D0
and pp → K∗+K−

;

they differ only in the replacement of final-state charm quarks with strange quarks.

Braaten’s formula [63],

σ[pp→ D∗0D0
; s] ≈

�
mD∗ + mD√

s

�6 λ1/2
(s1/2, mD∗ , mD)

[s(s− 4m2
p)]

1/2
× (4800 nb) , (11)

where

λ(x, y, z) = x4
+ y4

+ z4 − 2(x2y2
+ y2z2

+ z2x2
) . (12)

Equation 11 applies to the D∗0D0
exclusive final state, which however does not yield tagged

D0
decays, since the slow π0

or gamma emitted in the D∗0
decay to D0

is not flavor-

specific. To assess the reach in tagged-D0
events, we must consider such exclusive final states

as D∗+D−
, D∗+D∗−

, D∗+D−π0
, D∗+D0π−, D∗+D0π−π0

(and charge-conjugate modes).

Two-thirds of all D∗+
decays are in the flavor-specific π+D0

mode, in which the charge of

the slow pion tags the initial charm flavor of the D meson.

22
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• Sensitivity estimate, assuming σ ∝ A1.0 
and L = 2 x 1032 cm-2 s-1:

(based on H.E. fixed-target)

(signal MC)
(MIPP & bkg MC)

(Ti)

p ! Charm Statistics

• 3–30 x 107 tagged K  π± ⇒ 3–30 x 106 K+K–, 1–10 x 106 π+π– 

⇒δΔA ≈ (0.14 to 0.05)%

⇒competitive with LHCb in one year of  p ! running
11

±

Result

Significance: 3.5 σ

15

∆ACP = [−0.82± 0.21(stat.)± 0.11(sys.)]%LHCb:                                         

But keep in mind:
Main issue is 
systematics.
Ours will be

quite different 
from theirs, thus 

truly indep. 
x-check.

Table 5: Example sensitivity estimate for D∗
-tagged D0 → Kπ decays (after Ref. [63]).

Note that the reliability of some of these values remains to be confirmed in detail. They

are based on an exclusive cross-section estimate, so the inclusive production rate could

be significantly higher, but the cross section, luminosity, or efficiency could also be lower.

Hence, we show an indicative range of estimates.

Quantity Value Unit

Running time 2× 10
7

s/yr

Duty factor 0.8*

L 2× 10
32

cm
−2

s
−1

Annual integrated L 3.2 fb
−1

Target A 47.9

A0.29
3.1

σ(pp→ D∗+
+ anything) 1.25–4.5 µb

# D∗±
produced (2.5–8.9)× 10

10
events/yr

B(D∗+ → D0π+
) 0.677

B(D0 → K−π+
) 0.0389

Acceptance 0.45

Efficiency 0.1–0.3

Total (0.3–3)× 10
8

events/yr

∗Assumes ≈ 15% of running time is devoted to antiproton-beam stacking.
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Figure 11: Comparison of leading Feynman diagrams for pp → D∗0D0
and pp → K∗+K−

;

they differ only in the replacement of final-state charm quarks with strange quarks.

Braaten’s formula [63],

σ[pp→ D∗0D0
; s] ≈

�
mD∗ + mD√

s

�6 λ1/2
(s1/2, mD∗ , mD)

[s(s− 4m2
p)]

1/2
× (4800 nb) , (11)

where

λ(x, y, z) = x4
+ y4

+ z4 − 2(x2y2
+ y2z2

+ z2x2
) . (12)

Equation 11 applies to the D∗0D0
exclusive final state, which however does not yield tagged

D0
decays, since the slow π0

or gamma emitted in the D∗0
decay to D0

is not flavor-

specific. To assess the reach in tagged-D0
events, we must consider such exclusive final states

as D∗+D−
, D∗+D∗−

, D∗+D−π0
, D∗+D0π−, D∗+D0π−π0

(and charge-conjugate modes).

Two-thirds of all D∗+
decays are in the flavor-specific π+D0

mode, in which the charge of

the slow pion tags the initial charm flavor of the D meson.
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• LHCb has:  high charged multiplicity per event, 
multiple simultaneous interactions, beauty 
background, production asymmetry, and B-field 
nonuniformity (affects tagging-π±

s efficiency)

• p ! has none of these 

But possibly a DD̅ average-momentum difference

! Can control with tagged and untagged D0→ K  π± 
samples (10x bigger than D0→ K+K– samples)

12

p ! Charm Systematics

±
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• Example Feynman diagrams (SM):

Hyperon CP Violation

• New physics could also contribute – e.g., SUSY chromo-
magnetic penguins* might feed both D & hyperon CPV

⇒Hyperon CP asymmetries could yield important clues!

Hyperon Direct CP Violation

• Example Feynman diagrams (SM):
d

π–

p

W–

Λ u u

u

π–

p

Λ
g,γ,Z

u u

decay:Λ

penguin decay:Λ

Hyperon Direct CP Violation

• Example Feynman diagrams (SM):
d

π–

p

W–

Λ u u

u

π–

p

Λ
g,γ,Z

u u

decay:Λ

penguin decay:Λ

13
 * He, Murayama, Pakvasa, Valencia, PRD 61, 071701 (2000)
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• Differently sensitive to New Physics than B, K CPV

• Hyperon CP asymmetries small in hyperon decay

• NP can boost them by up to 2 orders of magnitude:

Table 5: Summary of predicted hyperon CP asymmetries.

Asymm. Mode SM NP Ref.
AΛ Λ→ pπ <∼ 10−5 <∼ 6× 10−4 [68]
AΞΛ Ξ∓ → Λπ, Λ→ pπ <∼ 0.5× 10−4 ≤ 1.9× 10−3 [69]
AΩΛ Ω→ ΛK, Λ→ pπ ≤ 4× 10−5 ≤ 8× 10−3 [36]
∆Ξπ Ω→ Ξ0π 2× 10−5 ≤ 2× 10−4 ∗ [35]
∆ΛK Ω→ ΛK ≤ 1× 10−5 ≤ 1× 10−3 [36]

∗
Once they are taken into account, large final-state interactions may increase this prediction [56].

Tandean and Valencia [35] have estimated ∆Ξπ ≈ 2 × 10−5 in the standard model but
possibly an order of magnitude larger with new-physics contributions. Tandean [36] has
estimated ∆ΛK to be ≤ 1 × 10−5 in the standard model but possibly as large as 1 × 10−3

if new physics contributes. (The large sensitivity of ∆ΛK to new physics in this analysis
arises from chromomagnetic penguin operators and final-state interactions via Ω → Ξπ →
ΛK [36].6) It is worth noting that these potentially large asymmetries arise from parity-
conserving interactions and hence are limited by constraints from �K ; they are independent
of AΛ and AΞ, which arise from the interference of parity-violating and parity-conserving
processes [56]. Table 5 summarizes predicted hyperon CP asymmetries.

Of course, the experimental sensitivities will include systematic components whose esti-
mation will require careful and detailed simulation studies, beyond the scope of this Letter
of Intent. Nevertheless, the potential power of the technique is apparent.

3.3 Study of FCNC hyperon decays

In addition to its high-rate charged-particle spectrometer, HyperCP had a muon detection
system aimed at studying rare decays of hyperons and charged kaons [45, 57, 5]. Among
recent HyperCP results is the observation of the rarest hyperon decay ever, Σ+ → pµ+µ− [5].
As shown in Figs. 5 and 6, based on the 3 observed events, the decay is consistent with being
two-body, i.e., Σ+ → pX0, X0 → µ+µ−, with X0 mass mX0 = 214.3 ± 0.5 MeV/c2. At
the current level of statistics this interpretation is of course not definitive: the probability
that the 3 signal events are consistent with the form-factor decay spectrum of Fig. 6a is
estimated at 0.8%. The measured branching ratio is [3.1 ± 2.4 (stat) ± 1.5 (syst)] × 10−8

assuming the intermediate Σ+ → pX0 two-body decay, or [8.6+6.6
−5.4 (stat)± 5.5 (syst)]× 10−8

assuming three-body Σ+ decay.
This result is particularly intriguing in view of the proposal by D. S. Gorbunov and

co-workers [58] that there should exist in certain nonminimal supersymmetric models a pair
of “sgoldstinos” (supersymmetric partners of Goldstone fermions). These can be scalar or
pseudoscalar and could be low in mass. A light scalar particle coupling to hadronic matter
and to muon pairs at the required level is ruled out by the failure to observe it in kaon decays;
however, a pseudoscalar sgoldstino with ≈ 214 MeV/c2 mass would be consistent with all
available data [59, 60, 61]. An alternative possibility has recently been advanced by He,
Tandean, and Valencia [62]: the X0 could be the light pseudoscalar Higgs boson in the next-

6
Large final-state interactions of this sort should also affect ∆Ξπ but were not included in that predic-

tion [35, 56].
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☞ Small sizes of (A,∆)SM favorable for NP CPV search!
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Hyperon CP Violation
• Measurement history:

Theory & Experiment

Theory

• SM: A
!
 ~ 10–5

• Other models: can be O(10–3)
[e.g. SUSY gluonic dipole: X.-G.He et al., PRD 61, 071701 (2000)]

(A
!
 sensitive to parity-even operators, "#!" to parity-odd)

  0.006 0.015 

"""" E871 at Fermilab $ ! !% %& &, p ''''2 ####""""10
–4

(HyperCP)

(0.0 ± 6.7)    10#### –4

[K.B. Luk et al., PRL 85, 4860 (2000)] 

[projected] 

[T. Holmstrom et al., 
PRL 93. 262001 (2004)] 

''''2    10####
–4

[P. Chauvat et al., PL 163B (1985) 273] 

[M.H. Tixier et al., PL B212 (1988) 523]

[P.D. Barnes et al., NP B 56A (1997) 46] 

E871 at Fermilab

(-6 ± 2 ± 2) ! 10–4  [BEACH08 preliminary; PRL in prep]
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Previous Measurements

None of the pre-HyperCP
experiments had the
sensitivity to test theory

HyperCP probes well into
regions where BSM
theories predict nonzero
asymmetries
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Previous Measurements
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theories predict nonzero
asymmetries
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Results (from farm histos):Enormous HyperCP DatasetMade possible by...

16
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• TAPAS measurement of AΞ and BΞ will substantially 
reduce theoretical uncertainties

!Eliminates uncertainty of final-state phase shift
17

Hyperon CPV Sensitivity 
Estimates

Reaction σ assumed Events recon/yr Sensitivity

p !p → Ω̅+Ω– 60 nb 9.0 " 107

  Ω → ΛK– ˝ 3.9 " 107 δΔΛK ≈ 8.0 " 10–5

  Ω → Ξ0π– ˝ 1.3 " 107 δΔΞπ ≈ 1.4 " 10–4

p !p → Ξ̅+Ξ– 2 µb  2 " 109*  δAΞ ≈ 1.4 " 10–4†

˝ ˝ ˝   δBΞ ≈ 3 " 10–5†

* Assuming efficient p ! deceleration to pp ! ≈ 3 GeV/c
† Assuming Ξ polarization behaves similarly to Λ polarization in p !p → Λ̅Λ; note that this will be the world’s first 
measurement of these quantities, and that B is typically expected to be O(102 A)
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• Major systematic on ΔΛK, ΔΞπ:

- differential absorption of 
hyperon decay products in 
spectrometer material

• Geant4 sims., 8M p !p → Ω̅+Ω– 
→ Λ̅K+ ΛK– events:

- assume any decay product 
interacting in beam pipe is lost 
(conservative, since some can 
be recovered) 

18

Hyperon CPV Sensitivity 
Estimates

Beam pipe Fake asymmetry

500 µm Be (18.7 ± 2.2) " 10–4

250 µm Be (8.1 ± 2.2) " 10–4

• Results:

• 500 µm Be pipes available

• ~ 250 µm likely feasible

• Fake asymmetry correctable
to about 10%

⇒10–4 sensitivity OK
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Nature of XYZ States

19

• Many new states observed in charmonium 
region – what are they???

- cc!, tetraquarks, molecules, hybrids...?
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XYZ hadronic transitions
Many new states : ?               (Round table Friday)

State EXP M + i ! (MeV) JPC Decay Modes 
Observed

Production Modes 
Observed

X(3872) Belle,CDF, D0,
 Cleo, BaBar

3871.2±0.5 + i(<2.3) 1++
!+!-J/",  !+!-!0J/", 

#J/"
B decays,  ppbar 

Belle
BaBar

3875.4±0.7+1.2
-2.0

3875.6±0.7+1.4
-1.5

D0D0!0 B decays 

Z(3930) Belle 3929±5±2 + i(29±10±2) 2++ D0D0, D+D- $$

Y(3940) Belle
BaBar

3943±11±13 + i(87±22±26)
3914.3+3.8

-3.4 ±1.6+ i(33+12
-8 ±0.60)

J++ %J/" B decays 

X(3940) Belle 3942+7
-6±6 + i(37+26

-15±8) JP+ DD* e+e- (recoil against J/")

Y(4008) Belle 4008±40+72
-28 + i(226±44+87

-79) 1-- !+!-J/" e+e- (ISR)

X(4160) Belle 4156+25
-20±15+ i(139+111

-61±21) JP+ D*D* e+e- (recoil against J/")

Y(4260)
BaBar
Cleo
Belle

4259±8+8
-6 + i(88±23+6

-4)
4284+17

-16 ±4 + i(73+39
-25±5) 

4247±12+17
-32 + i(108±19±10)

1-- !+!-J/", !0!0J/",
 K+K-J/" e+e- (ISR), e+e- 

Y(4350) BaBar
Belle

4324±24 + i(172±33) 

4361±9±9 + i(74±15±10) 1-- !+!-"(2S) e+e- (ISR)

Z+(4430) Belle 4433±4±1+ i(44+17
-13

+30
-11) JP !+"(2S) B decays 

Y(4620) Belle 4664±11±5 + i(48±15±3) 1-- !+!-"(2S) e+e- (ISR)

20
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Y(4620) Belle 4664±11±5 + i(48±15±3) 1-- !+!-"(2S) e+e- (ISR)
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Is a new form of matter 

being glimpsed???



D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011

• Many new states observed in charmonium 
region – what are they???

- cc!, tetraquarks, molecules, hybrids...?

! need very precise mass measurement to confirm or refute

! p !p → X(3872) formation ideal for this...

• X(3872) of particular interest – may be the first of 
several meson-antimeson molecules (D0 D̅*0 + c.c.)

Nature of XYZ States

21

• X(3872), X(3940), Y(3940), Y(4260), and Z(3930), 
and more beyond, all within p ! Source reach*

- are there more besides these?

- cc!, tetraquarks, molecules, gluonic hybrids...?

* Accumulator energy can be pushed up to √s ≈ 4.5 GeV with minor upgrades (V. Lebedev)



D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011

• The beam is the spectrometer!

• The experiment is just the detector.

‣ Unique opportunity to discern nature of these states

Example: precision p ̅p mass 
& width measurements

E760 !c scans                σm (beam) = 0.35 MeV/c2

δm(!c) ≈ 0.1±0.02 MeV/c2

 δΓ(!c) ≈ 0.1±0.01 MeV/c2→{

22



D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011

• We have a solution...

• Can assemble capable experiment quickly

‣ Where excellent equipment exists, use it

‣ Can stage installation if necessary 

‣ Apparatus well-matched to the proposed physics

23

How to do it?



D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011

Antiproton Accumulator

24

T
O

 U
P
S
T

A
IR

S

B
L
E
E
D

E
R

S

B
L
E
E
D

E
R

S
BLEEDERS

BLEEDERS

Cu TUBING TO
MAGNET IN
STUBROOM

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R
S

BLEEDER

B
L

E
E

D
E

R

B
L

E
E

D
E

R
S

BLEEDERS

B
L

E
E

D
E

R
S C
O

P
P
E

R
 T

U
B

IN
G

 O
F
F
 M

A
IN

 H
E

A
D

E
R

T
O

  S
T

A
C

K
T

A
IL

 B
E

T
A

T
R

O
N

 T
W

T
S

BLEEDERS

BLEEDERS

BLEEDER

BLEEDERSBLEED
ER

VALVE

WATER TO UPSTAIRS HERE

BLEEDERS

BLEEDERS

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R

B
L

E
E

D
E

R
S B

L
E

E
D

E
R

S
B

L
E

E
D

E
R

S

BLEEDERS

BLEEDERS

W
A

T
E

R
 M

A
IN

S

L
C

W
 E

N
T

E
R

/E
X

IT
S
 T

H
R

U
 W

A
L

L
 H

E
R

E

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R
S

BLEEDERS

FILTER

B
LEED

ER
SV

A
LV

ES

F
IL

T
E

R

F
IL

T
E

R

F
IL

T
E

R

F
IL

T
E

R

B
L

E
E

D
E

R
S

F
IL

T
E

R

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R
S

FIL
TER

FILTER

FILTER

F
IL

T
E

R

FILTER

F
IL

T
E

R
FILTER

FILTER

F
IL

T
E

R

"      " -- INDICATES LOCATION OF WATER VALVES ON  6" STAINLESS

STEEL 95 DEGREE LCW WATER PIPES.  THIS WATER ENTERS/EXITS 

TUNNEL ON BOTH ACC & DEB WALLS BY A10/20 DROP HATCH AREA.

"      " -- INDICATES LOCATION OF 6"-8" STAINLESS STEEL 95 DEGREE

LCW WATER PIPES, BOTH SUPPLY AND RETURN.

"      " -- INDICATES LOCATION OF WATER FILTERS INSTALLED

BETWEEN 95 DEGREE LCW COPPER SUPPLY AND RETURN LINES.

IT IS A FULFLO FILTER, BY PARKER HANNIFIN, MODEL BSSB20-3/4 SD,

MAX. PRESSURE 150 PSI @ 100 DEGREE F OR 100 PSI @ 250 DEG F.

"      " -- INDICATES LOCATION OF WATER VALVES, PRESSURE GAUGES,

AND RETURN LINE FLOW SWITCHES, ON 3" COPPER  95 DEGREE LCW

LINES.  THESE ARE THE CROSSOVER POINTS FROM THE 6" STAINLESS

STEEL PIPES.

"      " -- INDICATES LOCATION OF 3" COPPER 95 DEGREE LCW WATER

PIPES, BOTH SUPPLY AND RETURN, AND FLEXIBLE HOSES TO MAGNETS.

B
L

E
E

D
E

R
S

A
C

T
U

A
T

O
R

S
/V

A
L

V
E

S

A
C

T
U

A
T

O
R

S

V
A

L
V

E
S

B
L

E
E

D
E

R
S

V
A

L
V

E
S

V
A

L
V

E
S

A
C

T
U

A
T

O
R

S
/V

A
L

V
E

S

B
L

E
E

D
E

R
S

F
IL

T
E

R
 (N

/C
)

FILTER

F
IL

T
E

R

F
IL

T
E

R

REV. DESCRIPTION
DRAWN DATE

APPD. DATE

8000 - MD - 266275

ANTI - PROTON SOURCE

TUNNEL LOCATION DRAWING

WESLEY MUELLER 10/26/93

REV.  4/16/97

** FOR LOCATION PURPOSES ONLY

   DEVICES NOT DRAWN TO SCALE

DESCRIPTION OR SIZE

PARTS LIST

UNLESS OTHERWISE SPECIFIED

FRACTIONS DECIMALS ANGLES

ORIGINATOR

DRAWN

CHECKED

APPROVED

USED ON

MATERIAL-

SCALE FILMED DRAWING NUMBER REV.

1.  BREAK ALL SHARP EDGES

2.  DO NOT SCALE DRAWING

  DIMENSIONING IN ACCORD

WITH ANSI Y14.5 STD'S

MAX.  ALL MACHINED
SURFACES

3.

1/64 MAX.

UNITED STATES DEPARTMENT OF ENERGY

FERMI NATIONAL ACCELERATOR LABORATORY

PART NO.

+/- +/- +/-

QTY.
REQ.

ITEM
NO.

f

T
C

V

A
:I

P
2
0
5

D
:I

P
2
0
3

D
:I

P
2
0
5

T
C

V

D
:I

P
2
0
7

A:SP109A:IP109
A:IG109

A
:SP110

A
:S

P
111

A
:IP

111

A
:IP

1
1
4
A

A
:S

P
1
1
4
A

-E

A
:S

P
1
1
4
F
-I

A
:IP

1
1
4
B

A
:IG

1
1
4
A

A
:C

C
2
1
4

A
:IG

1
1
4
C

A
:S

P
2
1
4
J

A
:S

P
1
1
4
J

A
:S

P
2
1
4
F
-I

A
:IG

2
1
4
B

A
:IG

2
1
4
A

A
:S

P
2
1
4
A

-E

A
:IP

2
1
4
A

A
:IP

2
1
4
B

A:SP211

A
:IP211

A
:S

P
2
1
0

A
:S

P
2
0
9

A
:I

P
2
0
9

A
:S

P
2
0
8

D:IP113

D
:IP116

D
:I

P
2
1
3

D
:IP

2
1
6

A
:I

G
2
0
7

A
:B

V
2
0
7

A
:S

P
2
0
7

A
:I

P
2
0
7

D
:I

P
2
1
0

D
:B

V
2
1
0

A
:S

P
2
0
5
B

A
:S

P
2
0
5
A

A
:C

C
2
0
3

A
:I

G
2
0
4

A
:S

P
2
0
3

V

A
:S

P
3
0
0
C

-D

A
:S

P
3
0
0
A

-B

A
:I

P
3
0
0
A

A
:S

P
2
0
0
A

-B

A
:I

P
2
0
0
A

A
:I

G
2
0
0
A

A
:S

P
2
0
0
C

-D

A
:I

P
2
0
0
B

A
:I

P
2
0
0
C

A
:I

G
2
0
0
C

A
:S

P
2
0
0
G

-H
A

:I
P
2
0
0
D

A
:S

P
2
0
0
I-

J
A

:I
P
2
0
0
E

A
:I

G
2
0
0
E

T
C

V

D
:I

P
2
0
1

D
:C

C
2
0
1

D
:T

C
2
0
1

D
:I

P
2
0
2

D
:I

P
3
0
2

T
C

V

D
:I

P
3
0
4

D
:I

P
3
0
5

A
:S

P
3
0
0
I-

J

A
:I

P
3
0
0
E

A
:S

P
3
0
0
G

-H

A
:S

P
3
0
0
E

-F

A
:I

P
3
0
0
C

A
:I

P
3
0
0
B

A
:I

G
3
0
0
B

A
:I

G
3
0
0
D

A
:S

P
2
0
0
E

-F

A
:I

G
3
0
3

A
:S

P
30

5A
A

:I
P
30

5

A
:S

P
30

5B

A
:B

V
30

7

A
:S

P
30

7

A
:I
P
30

7

A
:S

P30
8

D
:I

P
3
0
7

D
:B

V
30

9

A
:S

P
3
0
3

A:SP309

A:IP
309

A:IG
309

A:SP310

A:SP311
A:IP311

A:CC314

A:SP314B

A:SP314A

A:IP314

D
:I

P
3
1
0

D:IP
313

D
:B

V
3
1
0
H

D:IP316

D:IP319

A
:IP

405

A
:S

P
405A

A
:S

P
405B

A
:IG

404

T
C

V

A
:S

P
4
0
3

A
:S

P
4
0
0
A

-D

D
:IP

4
0
7

T
C

V

D
:IP

4
0
3

D:IP413

A
:S

P
407

A
:IP

407

A
:SP408

A:SP409

A:IG409

A:IP409

A:SP410

D:IP416

A:SP411
A:IP411

A:SP414A

A:SP414B

A:IP414

A:IG414
TCV
D:CC319
D:TC319

A
:B

V
4
0
0

A
:IG

4
0
0

A
:IP

5
0
0
U

A
:S

P
5
0
0
U

A
:IG

5
0
0
U

A
:B

V
5
0
0

A
:S

P
5
0
0
D

A
:IG

5
0
0
D

A
:IP

5
0
0
D

A
:C

C
5
0
0
D

A:IP
500

A:SP500

A
:S

P
5
0
3

A
:IP

4
0
0

D
:B

V
410

D
:IP

410

V

V

A
:IP

5
0
7A

:S
P

5
0
8

D
:IP

5
0
2D

:IP
5
0
3

D
:C

C
5
0
4

D
:IP

5
0
4

D
:T

C
5
0
4

D
:IP

5
0
5D

:IP
5
0
6

D
:IP

5
0
7

T
C

V

D
:IP

5
0
9

D
:B

V
5
1
0

D
:IP

5
1
0

D
:I

P
5
1
3

A
:S

P
5
0
5
A

A
:IP

5
0
5

A
:IG

5
0
6

A
:S

P
5
0
5
B

T
C

V

A
:S

P
5
0
7

A
:I

P
5
0
9

A
:I

G
5
0
9

A
:S

P
5
1
0

A
:I

P
5
1
1

A
:S

P
5
1
1

A
:S

P
5
1
4
A

-I
A

:I
P
5
1
4
A

-B

A
:I

G
5
1
4
AA

:S
P
5
1
4
J-

K

A
:I

G
5
1
4
B

A
:I

P
5
1
4
C

A
:C

C
5
1
4

T
C

V

D
:I

P
5
1
6

A
:I

P
6
1
1

A
:S

P
6
1
1

A
:S

P61
0

A:IP
609

A:SP609

A:SP608

V

A
:S

P
5
0
9

D
:C

C
51

9
D

:T
C

51
9

D
:I

P
51

9

A:BV607

A:IP607

A:SP607

A:SP605B

A:SP605A
A:IP605

V

A:IP603

A:SP603

A:IG603

TCV

A:IP600B
SP600C

A:IP600A
A:SP600B

A:SP600A
A:IG600

V

A:SP100A

A:IP100A
A:IG100
A:SP100B

A:SP100C
A:IP100B
A:CC100

D:BV104H

D:IP104

A:SP103

TCV

A:IP105
A:SP105A
A:IG104

A:SP105B

A:BV107

A:IP107
A:SP107

A:SP108

D:IP105

D:IP106

D:IP107

D:IP110
D:BV110

A
:IG

1
1
4
B

D
:IP

1
1
9

D
:C

C
1
1
9

D
:T

C
1
1
9

T
C

V

A
:S

P
6
1
4
A

-I
A

:I
P

6
1
4
A

-B
A

:I
G

6
1
4
A

A
:I

G
6
1
4
B

A
:I

P
6
1
4
C

A
:S

P
6
1
4
J-

M

A
:I

P
3
0
0
D

V

D:CC102

D:IP102
D:TC102

A:IG
609

A
:I

G
30

5

A:IG314

A
:IG

5
0
3

TCV

** ALL DATA AND LINES IN GREEN REFER TO VACUUM DEVICES,

    STATING WHAT TYPE, THEIR LOCATION, AND THEIR CONTROL/

    MONITOR DATABASE NAME.

    IP = ION PUMP

    SP = SUBLIMATION PUMP

    CC = COLD CATHODE GAUGE

    TC = PIRANI GAUGE

    IG = ION GAUGE

    BV = BEAM VALVE

    HBV = HAND BEAM VALVE (MANUALLY OPERATED)

    TCV = TURBO CART ACCESS VALVE (ROUGHING STATION)

D
:T

C
7
3
3

D
:IP728

D
:TC

728

H
B

V
D

:IP
7
2
6

D
:IP

7
2
5

D
:T

C
7
2
4

H
B

V

T
C

V

D
:IP

7
2
0

T
C

V
D

:I
P
9
0
7

D
:I

P
9
0
8

D
:T

C
9
0
8

D
:C

C
9
0
8

D
:I

P
9
1
0

D
:I

P
9
1
1

T
C

V

D
:I

P
9
1
3

D
:I

P
9
1
5

H
B

V

D
:IP

7
3
0

D
:C

C
728

D
:C

C
7
2
4

B
V

9
0
0

A
:B

V
A

:S
P

D
:LM

1Q
17

D
:L

M
1
Q

1
9

D
:L

M
2
Q

1
7

D
:L

M
2
Q

1
3

D
:L

M
2
Q

1
0

D
:L

M
2
Q

4

D
:L

M
2
Q

3

D
:L

M
2
Q

2

D
:L

M
3
Q

2

D
:L

M
3
Q

4

D
:L

M
3
Q

6
D

:L
M

3
Q

6
P

D
:L

M
3
Q

7
D

:L
M

3
Q

8
D

:L
M

3
Q

8
P

D
:L

M
3
Q

9

D
:L

M
3
Q

1
1

D:L
M

3Q14

D:LM3Q17

D:LM4Q18

D:LM
4Q15

D
:LM

4Q
12

D
:L

M
4Q

11

D
:L

M
4Q

10

D
:L

M
4Q

10P

D
:L

M
4
Q

7

D
:L

M
4
Q

5

D
:L

M
4
Q

4

D
:L

M
4
Q

3

D
:L

M
5
Q

3

D
:L

M
5
Q

5

D
:L

M
5
Q

7

D
:L

M
5
Q

1
0D

:L
M

5
Q

1
2

D
:L

M
5
Q

1
5

D
:IP

5
0
1

A:LM6Q1Q

A:LM6Q1P

A:LM6Q1R

D:LMHSCH

D:LM1Q3

D:LM1Q4

D:LM1Q4P

D:LM1Q7P

D:LM1Q7

D:LM1Q6

D:LM1Q11

D
:L

M
6Q

18

D
:L

M
5
Q

1

A
:L

M
4
Q

1
P

A
:L

M
5
Q

1
M

A
:L

M
5
Q

1

A
:L

M
5
Q

6

A
:L

M
5
Q

3

A
:L

M
5
B

7

A
:L

M
5
Q

9

A
:L

M
5
Q

1
2

A
:L

M
6
Q

1
4

A
:L

M
6
Q

1
2A

:L
M

6Q
10

A:LM6Q9

A:LM6B7

A:LM6Q7

A:LM6Q5

A:LM6Q5P

A:LM6Q1

A:LM6Q1S

A:LM1Q2A:LM1Q3

A:LM1Q4

A:LM1Q5

A:LM1Q6

A:LM1B7

A:LM1Q8

A:LM1Q9

A
:LM

1Q
10

A
:L

M
1
Q

1
2

A
:L

M
1
Q

1
4

A
:L

M
1Q

14P

A:LM
2Q12A:LM2Q14

A
:L

M
2
Q

9 A
:L

M
A

2
Q

8

A
:L

M
2
B

7

A
:L

M
2
Q

6

A
:L

M
2
Q

4

A
:L

M
E

L
A

M

A
:L

M
C

M
A

G

A
:L

M
2
Q

3

A
:L

M
2
Q

1

L
M

L
M

L
M

L
M

L
M

L
M

LM

D
:L

M
3
Q

5

A
:L

M
3Q

1

A
:L

M
3Q

3

A
:L

M
3Q

4

A
:L

M
3Q

6
A

:L
M

3O
6

A
:L

M
V

S
C

R
A

:L
M

3B
7

A:LM3Q9

A:LM
3Q12

A:LM3Q14

A:LMMSCR

A:LM4Q14

A:LM4Q12

A:LM
4Q9

A
:L

M
4B

7

A
:L

M
4Q

6

A
:L

M
4Q

3

D
:L

M
4
Q

6

D
:L

M
4
Q

2D:L
M

6Q15

D:LM6Q12

D:LM6Q10

D:LM6Q9

D:LM6Q7

D:LMESEP

D:LM6Q6

D:LM6Q5

D:LM6Q4

LM

LM

D:LM6Q3

D:LM6Q2

LM

LM

D:LMVSCH

LM

D:LM1Q5

LM

D:LM
1Q14

D
:L

M
2
Q

5

 ** LIGHT BLUE DATA SHOWS LOSS MONITOR DATABASE NAMES AND

     LOCATION.

D
:L

M
9
0
9

D
:L

M
9
1
1

D
:L

M
9
1
3

D
:L

M
9
1
4

D
:L

M
9
1
5

D
:L

M
9
1
6

A:CL4I07

VBPM

CLRG

HBPM

A:CL4I08

HBPM

VBPM

VBPM
HBPM

A:CL3I09 CLRG

CLRG

HBPM

VBPM

HBPM
VBPM

A:CL3I08 HBPM

VBPM

HBPM

VBPM

VBPM

HBPM

VBPM

HBPM

VBPM

HBPM

VBPM

H
B

P
M

C
L
R

G

V
B

P
M

A
:C

L
4I03

H
B

P
M

C
L
R

G

V
B

P
M

A
:C

L
4I05

C
L
R

G

A
:C

L
4I06

HBPM

VBPM

H
B
PM

V
B
PM

H
B

P
M

V
B

P
M

H
B

P
MV

B
P
M

A
:C

L
4I04

C
L
R

GA
:C

L
4
I0

2

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

A
:C

L
4
I0

1

C
L

R
G

A
:C

L
6
I0

9

A
:C

L
5
I0

9

C
L

R
G

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

A
:C

L
5
I0

7

H
B

P
M

C
L

R
G

V
B

P
M

H
B

P
M

C
L

R
G

H
B

P
M

C
L

R
G

V
B

P
M

A
:C

L
5
I0

5

C
L

R
G

H
B

P
M

V
B

P
M

A
:C

L
5
I0

2

H
B

P
M

V
B

P
M

V
B

P
M

H
B

P
M

C
L

R
G

A
:C

L
5
I0

1

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
MH

B
P
M

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
MV

B
P

MH
B

P
MV

B
P

M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
MH
B

P
MV

B
P

M

C
L

R
G

A
:C

L
5
I0

4

H
B

P
M

V
B

P
M

V
B

P
M

H
B

P
M

C
L

R
G

C
L

R
G

A
:C

L
5
I0

3

H
B

P
M

H
B

P
M

V
B

P
M

V
B

P
M

H
B

P
M

V
B

PM

H
B

PM

V
B

PM

A:CL6I06CLRG

HBPM

A:C
L6I07

VBPM

CLRG

H
B
PM

A
:C

L
6
I0

8

HBPM

VBPM

HBPM

VBPM

HBPM

CLRG A:CL6I01

HBPM

VBPM

VBPM
HBPM

A:CL6I02

A:CL6I03

VBPM

CLRG

HBPM

CLRG

HBPM
A:CL6I05

VBPM

VBPM

HBPM

VBPM

HBPM

VBPM

HBPM

VBPM

H
B

P
M

VBPM

CLRG
A:CL6I04

A:CL1I07

VBPM

CLRG

HBPM

CLRG
A:CL1I06

A:CL1I05

HBPM

CLRG

VBPM

A:CL1I03CLRG

HBPM

VBPM

HBPM

VBPM

VBPM
HBPM

A:CL1I02

CLRG A:CL1I01

HBPM

VBPM

VBPM

HBPM

HBPM

VBPM

HBPM

HBPM

VBPM

VBPM

VBPM

HBPM

VBPM

HBPM

A:CL1I04

CLRG

V
B

P
M

C
L

R
G

H
B

P
M

A
:C

L
2
I0

7

H
B

P
M

V
B

P
M

V
B

P
M

H
B

P
M

A:CL2I08

C
L

R
G

C
L

R
G

C
L

R
G

C
L

R
G

A
:C

L
1
I0

9

H
B

P
M

V
B

P
MV
B

P
MH
B

P
M

A
:C

L
1I08

H
BPM

H
B

P
M

V
BPM

H
BPM

V
BPM

HBPM

V
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

V
B

P
MV

B
P
M

H
B

P
M

C
L

R
G

C
L

R
G

C
L

R
G

A
:C

L
3
I0

1

CLRG

C
L

R
G

C
L

R
G

C
L

R
GC
L

R
G

A
:C

L
2
I0

1

C
L

R
G

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

A
:C

L
2
I0

2

V
B

P
M

H
B

P
M

C
L

R
G

A
:C

L
2
I0

5

H
B

P
M

C
L

R
GV

B
P

M

H
B

P
M

C
L

R
G

A
:C

L
2
I0

6

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

V
B

P
M

V
B

P
M

H
B

P
M

H
B

P
M

V
B

P
M

H
B

P
M

C
L

R
G

A
:C

L
2
I0

4

A
:C

L
3I

05

H
B

P
M

C
L

R
G

V
B

P
M

H
B

P
M

C
L

R
G

V
B

P
M

A
:C

L
3I

03

H
B

P
M

A
:C

L
3
I0

2

A
:C

L
2
I0

3

VBPM

HBPM

V
B

P
M H

B
P
M

VBPM

H
B

P
M

V
B

P
M

C
L

R
G

A
:C

L
3I

04
V

B
P
M

9
0
8

A:C
L3I07

VBPM

CLRG

HBPM

C
L
R

G
C

L
R

G

H
B
PM

A
:C

L
3I

06

H
B

P
M

V
B

P
M

HBPM

VBPM

HBPM

VBPM

H
B
PM

A
:C

L
5
I0

6

A
:C

L
5
I0

8

C
L

R
G

CLRG

ALL DATA AND LINES IN DARKER BLUE REFER TO BPM AND CLEARING

ELECTRODES.  THE DATA BASE NAMES SHOW THE LOCATION WHERE

THE COAX (RED RG58), WITH THAT NAME, DROPS DOWN TO TUNNEL

FROM SERVICE BUILDING.  THE BLUE LINES SHOW HOW MANY DEVICES

ARE CONNECTED IN EACH GROUP.  DEVICES ARE HORIZONTAL BEAM 

POSITION MONITORS (HBPM), VERTICAL BEAM POSITION MONITORS 

(VBPM), AND CLEARING ELECTRODES (CLRG), WITH LOCATIONS AS SHOWN.

**

V
B

P
M

733

H
B

P
M

732

H
B

P
M

730
V

B
P
M

729

4 L
M

's

V
B

P
M

727H
B
PM

728

H
B

P
M

7
2
6

4
 L

M
's

V
B

P
M

7
2
5

V
B

P
M

7
2
4

4
 L

M
"s

H
B

P
M

7
2
2

H
B

P
M

7
2
3

V
B

P
M

7
2
1

V
B

P
M

7
2
0

H
B

P
M

9
0
9

V
B

P
M

9
1
0

H
B

P
M

9
1
1

V
B

P
M

9
1
2

V
B

P
M

9
1
5

H
B

P
M

9
1
4

H
B

P
M

731

H
B

P
M

7
1
9

H
B

P
M

9
1
6

A:CL2I09

IN
JE

CTI0N

EXTRACTION

E760 P
IT

x2014

x
2

0
1

0
x

2
0

0
9

x
2
0
0
8

x2007

x2006

x2013

x2012

x2011

E

E

E

AP-2 LIN
E

AP-3 LINE

SECTOR  60

SECTOR  10

SECTOR  50

SECTOR  40

SECTOR  30

SECTOR  20

A
5
0
-1

S
T

U
B

K
IC

K
E

R
 T

A
N

K
S
 F

O
R

 :

S
T

A
C

K
T

A
IL

 M
O

M
E

N
T

U
M

 H
IG

H
 L

E
V

E
L

,

D
W

G
#
 (

8
0
0
0
-E

D
-1

7
0
2
6
6
),

4
-8

G
H

Z
 C

O
R

E
 B

E
T

A
T

R
O

N
 H

IG
H

 L
E

V
E

L
,

H
O

R
Z

. 
(8

0
0
0
-E

D
-1

7
0
2
7
6
),

 V
E

R
T

. 
(8

0
0
0
-E

D
-1

7
0
2
7
9
),

2
-4

G
H

Z
 C

O
R

E
 B

E
T

A
T

R
O

N
 H

IG
H

 L
E

V
E

L

H
O

R
Z

. 
(8

0
0
0
-E

D
-2

8
8
0
1
5
),

 V
E

R
T

. 
(8

0
0
0
-E

D
-2

8
8
0
1
2
)

A
N

D
 2

-4
 G

H
Z

 C
O

R
E

 M
O

M
E

N
T

U
M

 H
IG

H
 L

E
V

E
L

(8
0
0
0
-E

D
-1

7
0
2
7
3
)

A
1
Q

1
4A
1
Q

1
2

A
1
Q

1
3A
1Q

11A
1Q

10

A
1B

10

A
1B9

A1B8

A1Q9

A1Q8

A1Q7

A1Q6

A1B7

A1Q5

A1Q4

AXFERSEPT

A1B3
A1Q3

A1Q2

A1Q1

A:MS1MCH

A:MS1VH1

A:MSA1Q4

A:MSDPUH

A:MS1HH1
CORE BETATRON HORZ. PU TANK AND LOW LEVEL (8000-ED-170274)

CORE BETATRON VERT. PU TANK AND LOW LEVEL (8000-ED-170277)

MICROWAVE CUTOFF

A:MSWBPH WIDEBAND PU

A6Q1

A6Q2

A6Q3

A6Q4

A6Q5

A6B3

A6Q6

A6B7

A:M
S6B8I

A:M
S6B8O

DEBUNCHER BETATRON MEDIUM LEVEL SYSTEMS

CORE BETATRON MEDIUM LEVEL SYSTEMS IN 10-1 STUB ROOM

A6Q9

A
6B

9

A
6Q

10

A
6B

10

A
:M

S
6B

1I

A
:M

S
6B

1O

A
6
Q

1
1

A
6
Q

1
2

A
6
Q

1
3

A
6
Q

1
4

A
:M

S
6
V

4
U

A
:M

S
6
V

4
D

A
:M

S
6
V

3
U

A
:M

S
6
V

2
U

A
:M

S
6
V

1
U

A
:M

S
6
V

1
D

VA640

VA630

VA620
VA610

A
5
Q

1
4

A
5
Q

1
3

A
5
Q

1
2

A
5
Q

1
1

A
5
B

1
0

A
5
B

9

A
5
Q

1
0

A
5
Q

9

A
5
Q

8

A
5
B

8

A
5
Q

7

A
5
B

7

A
:M

S
5
B

1
I

A
:M

S
5
B

1
O

A
:M

S
5
B

8
I

A
:M

S
5
B

8
O

A
5
Q

6

S
T

A
C

K
T

A
IL

 M
O

M
E

N
T

U
M

 L
O

W
 L

E
V

E
L

 

(8
0
0
0
-E

D
-2

0
8
4
8
0
),

 2
-4

 G
H

Z
 C

O
R

E
 M

O
M

E
N

T
U

M
 M

E
D

IU
M

 L
E

V
E

L
 

(8
0
0
0
-E

D
-1

7
0
2
7
2
),

 A
N

D
 S

T
A

C
K

T
A

IL
 B

E
T

A
T

R
O

N
 M

E
D

IU
M

 L
E

V
E

L

H
O

R
Z

. 
(8

0
0
0
-E

D
-1

7
0
2
6
7
)

 V
E

R
T

. 
(8

0
0
0
-E

D
-1

7
0
2
6
9
),

S
Y

S
T

E
M

S
 I

N
 A

P
6
0
 S

T
U

B
 R

O
O

M

A
5
Q

5

A
R

F
2

A
5
Q

4

A
5
B

3

A
5
Q

3

A
5
Q

2
A

5
Q

1

4
-8

 G
H

Z
 C

O
R

E
 M

O
M

E
N

T
U

M

H
I L

E
V

E
L

 E
L

E
C

T
R

O
N

IC
S
 O

N

S
T

U
B

 R
O

O
M

 W
A

L
L

 B
E

H
IN

D

K
IC

K
E

R
 T

A
N

K

D
W

G
 #

8
0
0
0
-E

D
-2

6
6
1
3
2

A
:M

S
5
H

1
U

A
:M

S
5
V

1
U

A
:M

S
5
H

1
D

A
:M

S
5
V

1
D

A
4
Q

1
A

4
Q

2

A
4
Q

3
A

4
B

3

A
4Q

4

A
4Q

5

A
4Q

6

A
4B

7

A
4Q

8

A4B8

A:M
S4B8I

A:M
S4B8O

A:MS4B1I
A:MS4B1O

A4Q9

A4B9

A4Q10

A4B10

A4Q11

A4Q12

A4Q13
A4Q14

A:LJ314

A:RJ314

MOMSCRAPER

A3Q14

A3Q13

A3Q12 A3Q11

A3B10

A3Q10

A3B9

A3Q9

A:MS3B1I

A:MS3B1O

A:M
S3B8I

A:M
S3B8O

A3B8

A
3Q

8A
3B

7

A
3Q

7

V
S
C

R
A

P
E
R

H
S
C

R
A

P
E
R

A
3Q

6

A
3Q

5

A
3Q

4

A
3
B

3

A
3
Q

3

A
3
Q

2

A
3
Q

1

A
2
Q

1

A
2
Q

2

A
2
Q

3

A
2
B

3

A
:M

S
3
1
0
V

A
:M

S
3
1
0
H

A
:M

S
3
0
9
V

A
:M

S
3
0
9
H

A
:M

S
3
0
8
V

A
:M

S
3
0
8
H

A
:M

S
30

1H
A

:M
S
30

1V
A

:M
S
30

2H
A

:M
S
30

2V
A

:M
S
30

3H
A

:M
S
30

3V
A

:M
S
30

4V

A
:M

S
30

4H

A
:M

S
30

5V

A
:M

S
30

5H

A
:M

S
3
0
7
H

A
:M

S
3
0
7
V

A
:M

S
3
0
6
V

A
:M

S
3
0
6
H

C
B

V

C
D

P
C

B
H

C
D

P

A
:M

S
E

L
H

1
A

:M
S

E
L

H
2

ELAM

A
2
Q

4A
2
Q

5

A
2
Q

6

A
2
Q

7

A
2
B

7

A
2
Q

8

A
2
B

8
 

A
:M

S
2
B

8
I

A
:M

S
2
B

8
O

A:MS1B8IA:MS1B8O

A
:M

S
1B

1I

A
:M

S
1B

1O

EXTRACTION

A
:M

A
R

A
Y

U

A
:M

A
R

A
Y

D

A
:M

S
2
0
V

U

A
:M

S
2
0
V

D

A
:M

S
2
V

1
U

A
:M

S
2
V

1
D

A
:M

S
2
V

2
U

A
:M

S
2
V

2
D

A2Q14

A2Q13

A2Q12

A2Q11

A
2
B

1
0

A
2
Q

1
0

A
2
B

9 A
2
Q

9

A:M
S2B1I

A:M
S2B1O

A:MSEXKU

4
-8

 G
H

Z
 C

O
R

E

M
O

M
E

N
T

U
M

K
IC

K
E

R
 T

A
N

K

2
-4

 G
H

Z
 C

O
R

E
 M

O
M

E
N

T
U

M
 L

O
W

 L
E

V
E

L
,

(8
0
0
0
-E

D
-1

7
0
2
7
1
),

 A
N

D
 

E
7
6
0
 C

O
R

E
 M

O
M

E
N

T
U

M
 L

O
W

 L
E

V
E

L
,

(8
0
0
0
-E

D
-2

1
6
7
9
1
),

O
N

 T
H

IS
 P

IC
K

U
P
 T

A
N

K

HORZ. (8000-ED-170275), AND VERT. (8000-ED-170278)

(D10-H4)

(D10-V4/H3)

(D10-V3)

(D60-H2)

(D60-V2/H1)

(D60-V1)

(D
2
0
-V

1
)

(D
2
0
-V

2
/H

1
)

(D
2
0
-H

2
)

(D
3
0
-V

3
)

(D
3
0
-V

4
/H

3
)

(D
3
0
-H

4
)

4
-8

 G
H

Z
 C

O
R

E
 M

O
M

E
N

T
U

M
 L

O
W

 L
E

V
E

L

(8
0
0
0
-E

D
-2

6
6
1
3
0
), &

 P
IC

K
U

P
 T

A
N

K
4
-8

 G
H

Z
 C

O
R

E
 M

O
M

E
N

T
U

M
 M

E
D

U
IM

 L
E

V
E

L

(8
0
0
0
-E

D
-2

6
6
1
3
1
) IN

 A
2
0
-2

 S
T

U
B

 R
O

O
M

A
:M

S
IN

K
U

IN
JE

C
T

IO
N

S
T

A
C

K
T

A
IL

 B
E

T
A

T
R

O
N

 H
IG

H
 L

E
V

E
L

, H
O

R
Z

. (8
0
0
0
-E

D
-1

7
0
2
6
8
) &

 V
E

R
T

. (8
0
0
0
-E

D
-1

7
0
2
7
0
), 

 IN
 A

2
0
-1

 S
T

U
B

 R
O

O
M

 A
N

D
 M

O
U

N
T

E
D

 A
L

O
N

G
 W

A
L

L
 B

E
H

IN
D

 K
IC

K
E

R
 T

A
N

K
S

S
T

A
C

K
T

A
IL

 B
E

T
A

T
R

O
N

 V
E

R
T

. K
IC

K
E

R
 T

A
N

K
S
T

A
C

K
T

A
IL

 B
E

T
A

T
R

O
N

 H
O

R
Z

. K
IC

K
E

R
 T

A
N

K

D
3
0
Q

D
3
Q

2

D
3
Q

3

D
3
Q

4

D
3
Q

5

D
3
Q

6

D
:M

S
3
0
V

3

D
:M

S
3
0
V

4

D
:M

S
3
0
H

4
D

3
Q

7
D

:R
J3

0
8

H
S
C

R
A

P
E

R

D
3
B

7

D
3
Q

8

D
3B

8
D

3Q
9

D
3
Q

1
0

D
:T

J3
0
8

V
S
C

R
A

P
E

R

D
3Q

11 D
3
Q

1
2

D
3
B

1
1

D
3B

12

D3Q13

D3B13

D3Q14

D3B14

D3Q15

D3B15

D3Q16

D3B16

D3Q17

D3B17

D3Q18

D3B18

D40Q

D3B19

D3Q19

D4B19

D4Q19

D4B18

D4Q18

D4B17

D4Q17

D4B16

D4Q16

D4B15

D4Q15

D4B14
D4Q14

D4B13

D
4Q

13
D

4B
12

D
4Q

12

D
4B

11

D
4Q

11

D
4Q

10

D
4Q

9

D
4
B

8

D
4
Q

8

D
:R

J410

M
O

M
S
C

R
A

P
E

R

D
4
Q

6

(L
G

)D
4
Q

5

IN
J S

E
P
T

D
4
B

7D
4
Q

7

D
4
Q

4

D
4
Q

3

D
4
Q

2

IN
JK

IC
K

E
R

D
R

F
1
-2

D
5
0
QD

R
F
1
-3

D
5
Q

2D
R

F
1
-4

D
5
Q

3D
R

F
1
-5

D
5
Q

4D
R

F
1
-6

D
5
Q

5D
R

F
1
-7

D
5
Q

6D
R

F
1
-8

D
5
Q

7D
5
B

7D
5
Q

8

D
5
B

8

D
5
Q

9

D
R

F
2

D
5
Q

1
0D
5
Q

1
1

D
5
B

1
1

D
5
Q

1
2

D
5
B

1
2

D
5
Q

1
3

D
5
B

1
3

D
5
Q

1
4

D
5
B

1
4

D
5
Q

1
5

D
5
B

1
5

D
5
Q

1
6

D
5
B

1
6

D
5
Q

1
7

D
5
B

1
7

D
5
Q

1
8

D
5
B

1
8

D
5
Q

1
9

D
5
B

1
9D
6
0
Q

D
6
B

1
9

D
6
Q

1
9D

6B
18D

6Q
18

D
6B

17D
6Q

17
D

6B
16

D
6Q

16

D6B15
D6Q15

D6B14

D6Q14
D6B13

D6Q13

D6B12

D6Q12

D6B11

D6Q11

D6Q10

EXTKICKER

D6Q9

D6B8

D6Q8

D6B7

D6Q7

DXFERSEPT

D:MSD6Q7

D6Q6(LG)

D6Q5

D6Q4

D:MS60V1

D:MS60V2

D:MS60H1

D6Q2

D6Q3

D:MS60H2

D10Q

DEB BCM

SCHOTTKY

 PICKUPS

D:MSSCH1

D1Q2

D1Q3

BEAM PICKUP RF CAVITY

DC BEAM CURRENT TRANSFORMER

D1Q4

D:MS10V3

D1Q5

D1Q6

D:MS10V4

D:MS10H3

D:MS10H4

D1Q7

D1B7

D1Q8

D1B8

VD130

VD120

VD110

VD630

VD620

VD610

D1Q9

D:MSDPUV

D1Q10

D1Q11

D1B11

D1Q12

D1B12

D1Q13

D1B13

D1Q14

D1B14

D1Q15

D1B15

D
1Q

16

D
1B

16

D
1Q

17

D
1B

17

D
1Q

18

D
1B

18

D
1Q

19

D
1B

19

D
20Q

D
2B

19
D

2Q
19

D
2
B

1
8

D
2
Q

1
8

D
2
B

1
7

D
2
Q

1
7

D
2
B

1
6

D
2
Q

1
6

D
2
B

1
5

D
2
Q

1
5

D
2
B

1
4

D
2
Q

1
4

D
2
B

1
3

D
2
Q

1
3

D
2
B

1
2

D
2
Q

1
2

D
2
B

1
1

D
2
Q

1
1

D
2
Q

1
0

D
2
Q

9
D

2
B

8

D
2
Q

8

D
2
B

7
D

2
Q

7

D
2
Q

6

V
D

2
3
0

V
D

2
2
0

V
D

2
1
0

D
2
Q

5
(L

G
)

B
D

S
E

P
T

D
2
Q

4

D
2
Q

3

D
2
Q

2
D

IP
K

IK
B

L

D
:M

S
2
0
H

1

D
:M

S
2
0
V

2

D
:M

S
2
0
H

2

D
:M

S
2
0
V

1

TQ7

TQ6

TQ5

TQ4

TQ3

TQ1

E
Q

8

EQ7

EQ6

EQ5

E
Q

1

E
Q

2E
B

V
1

E
Q

3
A

E
Q

3
B

E
Q

4

E
B

V
2

DROP
HATCH

D
R

O
P

H
A

T
C

H

H
A

T
C

H

AP-4 LINE
(FROM

 BOOSTER)

A20-1

A20-2

O
C

T

O
C

T

O
C

T

O
C

T

D
P

S
X

S
X

D
P

D
PD
P

C-MAG

D
PD

PS
X

DP

D
P

S
XD

P

V
D

P

H
D

P

V
D

P

A
3S

7

L
O

W
 D

IS
P
E
R

S
IO

N

F
L
Y

IN
G

 W
IR

E

A3S9VDP

OCT

OCT

HIGH DISPERSION

FLYING WIRES

OCT

OCT

A4S9VDP

H
D

P

V
D

P

A
4S

7

V
D

P

A
4
S
3

V
D

P

M
IC

R
O

W
A

V
E

 C
U

T
O

F
F
 --  A

:M
S
5M

C
H

V
D

P

A
5
S
3

A
:L

J5
0
0

A
:R

J5
0
0

A
C

C
. S

C
R

A
P
E

R

V
D

P

A
R

F
3
-2

A
5
S

7

V
D

P

H
D

P

V
D

P
A

5
S

9

O
C

T

O
C

T

O
C

T

O
C

T

SX
DP

SX

ASQ607

DP

DP

VDP

VERT. DAMPER KICKER

LONG. SCHOTTKY PICKUP

RESISTIVE WALL MON.
QUAD PICKUP NORMAL
QUAD PICKUP SKEW

A:MSQPNHM
A:MSQPNVM

A:MSQPSHM
A:MSQPSVM

DP

DP

SWIC
SCAN

A:MSWBPV

A:MS1HV1

ASQ100

VERT. SCHOTTKY PICKUP

VERT. DAMPER PICKUP
HORZ. DAMPER PICKUP

A:MSVSCV

A:MSDPUV

DP

HORZ. SCHOTTKY PICKUP

HORZ. DAMPER KICKER

A:MSHSCV

A:MS1MCV

A:MS1VV1

DC BEAM CURRENT TRANSFORMER A:MSDCTH
A:MSDCTV

DP

DP

SWIC
SCAN

SWIC
SCAN

DP

DP

HDP

DC BEAM CURRENT TRANSFORMER

GAP MONITOR

SX

SX
DP

SX
DP

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

S
X

S
X

S
X

D
R

O
P

S
X

S
X

S
X

S
X

S
X

S
X

S
X

S
X

S
X

S
X

S
X S
X

S
X S
X

S
X

S
X

S
X

S
X

S
X

S
X

u
W

A
V

E
A

B
S

O
R

B
E

R
 #

2

D
P

D
P

D
P

DP

DP

DP

D
P

S
X

S
X

S
X

S
X

S
X

S
X

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

S
X

D
R

F
1-1

V
D

P

u
W

A
V

E

A
B

S
O

R
B

E
R

 #
3

H
D

P

V
D

PH
D

P

S
E

M
4
0
3

V
D

P

H
D

P

S
XS

X

S
XS

X

S
X

D
R

F
3

S
X

S
XS

XS
X

S
X

S
X

S
X

S
X

S
X

S
XS

XS
XS

XS
XS

X

S
X

S
X

S
X

S
X

S
X

S
X

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

SX

DP

DP

DP

D:MS6Q12

SX

SX

SX

SWIC
SCAN

DP

DP

DP

DP

D:MSSCV1

LONGITUDINAL

DP

DP

uWAVE
ABSORBER #1

VERTICAL
DAMPER PU

A
:T

J3
07

A
:B

J3
07

V
D

3
1
0

V
D

3
2
0

V
D

3
3
0

NOTES:

1)  LISTED DATA BASE NAMES ARE OF MOVABLE STANDS OR DEVICES.

2)  DP = SMALL DIPOLES (YELLOW), SX = SEXTUPOLES (YELLOW), OCT 

     = OCTUPOLES (YELLOW), ASQ# OR A#Q# OR D#Q# = QUADRAPOLES

    (ORANGE), AND A#B# OR D#B# = LARGE DIPOLES (BLUE). 

A
C

C
 S

U
P
E

R
 S

C
H

O
T

T
K

Y
 O

U
T

ION DETECTOR

DP
SX

HORZ NORMAL KICKER

STU
B

A
:M

S
6
V

2
DA

:M
S
6
V

3
D

S
X

S
X

HORZ. (8000-ED-170258), AND
VERT. (8000-ED-170261)

IN 10-2 STUB ROOM

S
X

S
X

10-1

10-2
STUB

A
30A

2
0
-1

A
20

-2
S
T
U

B

S
T

U
B S

T
U

B

A60

STUB

DP

A:ESHUT
A:MSEXKD

KICKER
SHUTTER

K
IC

K
E

R

S
H

U
T

T
E

R

A
:IS

H
U

T
A

:M
S
IN

K
D

D
:M

S
3
0
H

3

A
4Q

7

A6Q8

A6B8

A6Q7

TQ2

DP
SX

AP30 SERVICE BUILDING

AP50 S
ERVIC

E B
UILDIN

G

A
P

1
0
 S

E
R

V
IC

E
 B

U
IL

D
IN

G
 A

N
D

 C
O

N
T

R
O

L
 R

O
O

M

NORTH

SOUTH
E

A
S

T

W
E

S
T

DP

DP

S
W

IC
 S

C
A

N
N

E
R

D
:S

M
9
0
6

uWAVE ABSORBER #4

SWIC
SCAN

RALPH PASQUINELLI

S
X

D
:T

O
R

7
3
3

IQ
3
2

D
:S

M
7
3
3

IQ
3
3

H
D

P

M
IK

E
S
T

O
Y

IQ
3
1

H
D

P

V
D

P

IQ
3
0

IQ
2
9

D
:S

M
728

C
H

K
V

SIG

IQ
28

IQ
27

R
E

F
S
IG

D
N

R
E

F
S
IG

U
P

IQ
26

S
T

E
E

L
 S

H
IE

L
D

IN
G

(B
R

O
W

N
)

?

H
D

P

IQ
25

IQ
24

D
:T

O
R

7
2
4

GATE

IQ
2
3V
D

P
D

:S
M

7
2
3

IQ
2
2

IB
7

IB
6IQ

2
1

IB
5

IQ
2
0

D
:R

J7
1
9

D
:L

J7
1
9

E
Q

1
0

E
Q

9
D

:S
M

9
0
9

H
D

P

E
Q

1
1

D
:T

O
R

9
1
0

E
Q

1
2

E
Q

1
3

D
:S

M
9
1
3

E
Q

1
4

E
Q

1
5

GATE

x 2005

E
B

1

E
B

2

D
:S

M
7
1
9

IQ
1
9

IB
4

E
Q

1
6

IQ
1
8

IB
3

IB
2

E
B

3

E
Q

1
7

D
:S

M
9
0
0

A
R

F
4

A40-1
STUB

A
R

F
1
-2

A
R

F
1
-1

A
R

F
3
-1

R
E

S
IS

T
IV

E
 W

A
L

L
 M

O
N

.

E
2
0
0
-1

5
 (B

O
T

T
O

M
)

E
2
0
0
-1

6
 (M

ID
D

L
E

)

E
2
0
0
-1

7
 (T

O
P
)

E
2
0
0
-1

8
 (T

O
P
)

E
200-19 (B

O
T

T
O

M
)

E
200-20 (M

ID
D

L
E

)

E
200-21 (T

O
P
)

E
2
0
0
-0

4
 (

B
O

T
T

O
M

)

E
2
0
0
-0

3
 (

M
ID

D
L

E
)

E
2
0
0
-0

2
 (

T
O

P
)

E
2
0
0
-0

1
 (

T
O

P
)

E
20

0-
05

 (
B

O
T

T
O

M
)

E
20

0-
06

 (
M

ID
D

L
E

)

E
20

0-
07

 (
T

O
P
)

E200-12 (BOTTOM)

E200-13 (MIDDLE)

E200-14 (TOP)

E200-08 (BOTOM)

E200-09 (MIDDLE)

E200-10 (MIDDLE)

E200-11 (TOP)

"      "  INDICATES LOCATIONS AND LOCATION NUMBERS  OF EMERGENCY

LIGHTS.  LOCATIONS IN STAIRWELLS ARE SPECIFIED BEING AT THE

BOTTOM, MIDDLE, OR TOP PORTION OF THE STAIRWELLS.

E
2
0
0
-3

6
 (B

O
T

T
O

M
)

E
2
0
0
-2

3

E
2
0
0
-2

4

E
200-22

E
2
0
0
-2

7

E
2
0
0
-2

6

E
2
0
0
-3

5
 (M

ID
D

L
E

)

E
2
0
0
-3

7

4 TO
A30

4 UPPER
TO A10-2

4 LOWER
TO A10-1

4 TO
A30

27" D
IA

. P
IP

E F
OR L

ASER L
IN

KS

UPPER
4 TO
A30

4 TO
A60

LOWER
4 TO
A20-1

4 TO
A40

4 TO
A50

4 TO
A60

4 TO
A20-2

INFO IN ORANGE INDICATES UNDERGROUND PIPES USED FOR 'ACROSS 

RING' TRANSFER OF SIGNALS VIA WIRE, COAX, OR OPTIC LINK.



D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011 25

E760/835 Pit

T
O

 U
P
S
T

A
IR

S

B
L
E
E
D

E
R

S

B
L
E
E
D

E
R

S

BLEEDERS

BLEEDERS

Cu TUBING TO
MAGNET IN
STUBROOM

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R
S

BLEEDER

B
L

E
E

D
E

R

B
L

E
E

D
E

R
S

BLEEDERS

B
L

E
E

D
E

R
S C
O

P
P
E

R
 T

U
B

IN
G

 O
F
F
 M

A
IN

 H
E

A
D

E
R

T
O

  S
T

A
C

K
T

A
IL

 B
E

T
A

T
R

O
N

 T
W

T
S

BLEEDERS

BLEEDERS

BLEEDER

BLEEDERSBLEED
ER

VALVE

WATER TO UPSTAIRS HERE

BLEEDERS

BLEEDERS

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R

B
L

E
E

D
E

R
S B

L
E

E
D

E
R

S
B

L
E

E
D

E
R

S

BLEEDERS

BLEEDERS

W
A

T
E

R
 M

A
IN

S

L
C

W
 E

N
T

E
R

/E
X

IT
S
 T

H
R

U
 W

A
L

L
 H

E
R

E

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R
S

BLEEDERS

FILTER

B
LEED

ER
SV

A
LV

ES

F
IL

T
E

R

F
IL

T
E

R

F
IL

T
E

R

F
IL

T
E

R

B
L

E
E

D
E

R
S

F
IL

T
E

R

B
L

E
E

D
E

R
S

B
L

E
E

D
E

R
S

FIL
TER

FILTER

FILTER

F
IL

T
E

R

FILTER

F
IL

T
E

R

FILTER

FILTER

F
IL

T
E

R

"      " -- INDICATES LOCATION OF WATER VALVES ON  6" STAINLESS

STEEL 95 DEGREE LCW WATER PIPES.  THIS WATER ENTERS/EXITS 

TUNNEL ON BOTH ACC & DEB WALLS BY A10/20 DROP HATCH AREA.

"      " -- INDICATES LOCATION OF 6"-8" STAINLESS STEEL 95 DEGREE

LCW WATER PIPES, BOTH SUPPLY AND RETURN.

"      " -- INDICATES LOCATION OF WATER FILTERS INSTALLED

BETWEEN 95 DEGREE LCW COPPER SUPPLY AND RETURN LINES.

IT IS A FULFLO FILTER, BY PARKER HANNIFIN, MODEL BSSB20-3/4 SD,

MAX. PRESSURE 150 PSI @ 100 DEGREE F OR 100 PSI @ 250 DEG F.

"      " -- INDICATES LOCATION OF WATER VALVES, PRESSURE GAUGES,

AND RETURN LINE FLOW SWITCHES, ON 3" COPPER  95 DEGREE LCW

LINES.  THESE ARE THE CROSSOVER POINTS FROM THE 6" STAINLESS

STEEL PIPES.

"      " -- INDICATES LOCATION OF 3" COPPER 95 DEGREE LCW WATER

PIPES, BOTH SUPPLY AND RETURN, AND FLEXIBLE HOSES TO MAGNETS.

B
L

E
E

D
E

R
S

A
C

T
U

A
T

O
R

S
/V

A
L

V
E

S

A
C

T
U

A
T

O
R

S

V
A

L
V

E
S

B
L

E
E

D
E

R
S

V
A

L
V

E
S

V
A

L
V

E
S

A
C

T
U

A
T

O
R

S
/V

A
L

V
E

S

B
L

E
E

D
E

R
S

F
IL

T
E

R
 (N

/C
)

FILTER

F
IL

T
E

R

F
IL

T
E

R

REV. DESCRIPTION
DRAWN DATE

APPD. DATE

8000 - MD - 266275

ANTI - PROTON SOURCE

TUNNEL LOCATION DRAWING

WESLEY MUELLER 10/26/93

REV.  4/16/97

** FOR LOCATION PURPOSES ONLY

   DEVICES NOT DRAWN TO SCALE

DESCRIPTION OR SIZE

PARTS LIST

UNLESS OTHERWISE SPECIFIED

FRACTIONS DECIMALS ANGLES

ORIGINATOR

DRAWN

CHECKED

APPROVED

USED ON

MATERIAL-

SCALE FILMED DRAWING NUMBER REV.

1.  BREAK ALL SHARP EDGES

2.  DO NOT SCALE DRAWING

  DIMENSIONING IN ACCORD

WITH ANSI Y14.5 STD'S

MAX.  ALL MACHINED
SURFACES

3.

1/64 MAX.

UNITED STATES DEPARTMENT OF ENERGY

FERMI NATIONAL ACCELERATOR LABORATORY

PART NO.

+/- +/- +/-

QTY.
REQ.

ITEM
NO.

f

T
C

V

A
:I

P
2
0
5

D
:I

P
2
0
3

D
:I

P
2
0
5

T
C

V

D
:I

P
2
0
7

A:SP109A:IP109
A:IG109

A
:SP110

A
:S

P
111

A
:IP

111

A
:IP

1
1
4
A

A
:S

P
1
1
4
A

-E

A
:S

P
1
1
4
F
-I

A
:IP

1
1
4
B

A
:IG

1
1
4
A

A
:C

C
2
1
4

A
:IG

1
1
4
C

A
:S

P
2
1
4
J

A
:S

P
1
1
4
J

A
:S

P
2
1
4
F
-I

A
:IG

2
1
4
B

A
:IG

2
1
4
A

A
:S

P
2
1
4
A

-E

A
:IP

2
1
4
A

A
:IP

2
1
4
B

A:SP211

A
:IP211

A
:S

P
2
1
0

A
:S

P
2

0
9

A
:I

P
2

0
9

A
:S

P
2
0
8

D:IP113

D
:IP116

D
:I

P
2

1
3

D
:IP

2
1
6

A
:I

G
2
0
7

A
:B

V
2
0
7

A
:S

P
2
0
7

A
:I

P
2
0
7

D
:I

P
2
1
0

D
:B

V
2
1
0

A
:S

P
2
0
5
B

A
:S

P
2
0
5
A

A
:C

C
2
0
3

A
:I

G
2
0
4

A
:S

P
2
0
3

V

A
:S

P
3
0
0
C

-D

A
:S

P
3
0
0
A

-B

A
:I

P
3
0
0
A

A
:S

P
2
0
0
A

-B

A
:I

P
2
0
0
A

A
:I

G
2
0
0
A

A
:S

P
2
0
0
C

-D

A
:I

P
2
0
0
B

A
:I

P
2
0
0
C

A
:I

G
2
0
0
C

A
:S

P
2
0
0
G

-H
A

:I
P
2
0
0
D

A
:S

P
2
0
0
I-

J
A

:I
P
2
0
0
E

A
:I

G
2
0
0
E

T
C

V

D
:I

P
2
0
1

D
:C

C
2
0
1

D
:T

C
2
0
1

D
:I

P
2
0
2

D
:I

P
3
0
2

T
C

V

D
:I

P
3
0
4

D
:I

P
3
0
5

A
:S

P
3
0
0
I-

J

A
:I

P
3
0
0
E

A
:S

P
3
0
0
G

-H

A
:S

P
3
0
0
E

-F

A
:I

P
3
0
0
C

A
:I

P
3
0
0
B

A
:I

G
3
0
0
B

A
:I

G
3
0
0
D

A
:S

P
2
0
0
E

-F

A
:I

G
3
0
3

A
:S

P
30

5A
A

:I
P
30

5

A
:S

P
30

5B

A
:B

V
30

7

A
:S

P
30

7

A
:I
P
30

7

A
:S

P30
8

D
:I

P
3
0
7

D
:B

V
30

9

A
:S

P
3
0
3

A:SP309

A:IP
309

A:IG
309

A:SP310

A:SP311
A:IP311

A:CC314

A:SP314B

A:SP314A

A:IP314

D
:I

P
3
1
0

D:IP
313

D
:B

V
3
1
0
H

D:IP316

D:IP319

A
:IP

405

A
:S

P
405A

A
:S

P
405B

A
:IG

404

T
C

V

A
:S

P
4
0
3

A
:S

P
4
0
0
A

-D

D
:IP

4
0
7

T
C

V

D
:IP

4
0
3

D:IP413

A
:S

P
407

A
:IP

407

A
:SP408

A:SP409

A:IG409

A:IP409

A:SP410

D:IP416

A:SP411
A:IP411

A:SP414A

A:SP414B

A:IP414

A:IG414
TCV
D:CC319
D:TC319

A
:B

V
4
0
0

A
:IG

4
0
0

A
:IP

5
0
0
U

A
:S

P
5
0
0
U

A
:IG

5
0
0
U

A
:B

V
5
0
0

A
:S

P
5
0
0
D

A
:IG

5
0
0
D

A
:IP

5
0
0
D

A
:C

C
5
0
0
D

A:IP
500

A:SP500

A
:S

P
5
0
3

A
:IP

4
0
0

D
:B

V
410

D
:IP

410

V

V

A
:IP

5
0
7A

:S
P

5
0
8

D
:IP

5
0
2D

:IP
5
0
3

D
:C

C
5
0
4

D
:IP

5
0
4

D
:T

C
5
0
4

D
:IP

5
0
5D

:IP
5
0
6

D
:IP

5
0
7

T
C

V

D
:IP

5
0
9

D
:B

V
5
1
0

D
:IP

5
1
0

D
:I

P
5

1
3

A
:S

P
5
0
5
A

A
:IP

5
0
5

A
:IG

5
0
6

A
:S

P
5
0
5
B

T
C

V

A
:S

P
5
0
7

A
:I

P
5

0
9

A
:I

G
5

0
9

A
:S

P
5
1
0

A
:I

P
5
1
1

A
:S

P
5
1
1

A
:S

P
5
1
4
A

-I
A

:I
P
5
1
4
A

-B

A
:I

G
5
1
4
AA

:S
P
5
1
4
J-

K

A
:I

G
5
1
4
B

A
:I

P
5
1
4
C

A
:C

C
5
1
4

T
C

V

D
:I

P
5
1
6

A
:I

P
6
1
1

A
:S

P
6
1
1

A
:S

P61
0

A:IP
609

A:SP609

A:SP608

V

A
:S

P
5

0
9

D
:C

C
51

9
D

:T
C

51
9

D
:I

P
51

9

A:BV607

A:IP607

A:SP607

A:SP605B

A:SP605A
A:IP605

V

A:IP603

A:SP603

A:IG603

TCV

A:IP600B
SP600C

A:IP600A
A:SP600B

A:SP600A
A:IG600

V

A:SP100A

A:IP100A
A:IG100
A:SP100B

A:SP100C
A:IP100B
A:CC100

D:BV104H

D:IP104

A:SP103

TCV

A:IP105
A:SP105A
A:IG104

A:SP105B

A:BV107

A:IP107
A:SP107

A:SP108

D:IP105

D:IP106

D:IP107

D:IP110
D:BV110

A
:IG

1
1
4
B

D
:IP

1
1
9

D
:C

C
1
1
9

D
:T

C
1
1
9

T
C

V

A
:S

P
6
1
4
A

-I
A

:I
P

6
1
4
A

-B
A

:I
G

6
1
4
A

A
:I

G
6
1
4
B

A
:I

P
6
1
4
C

A
:S

P
6
1
4
J-

M

A
:I

P
3
0
0
D

V

D:CC102

D:IP102
D:TC102

A:IG
609

A
:I

G
30

5

A:IG314

A
:IG

5
0
3

TCV

** ALL DATA AND LINES IN GREEN REFER TO VACUUM DEVICES,

    STATING WHAT TYPE, THEIR LOCATION, AND THEIR CONTROL/

    MONITOR DATABASE NAME.

    IP = ION PUMP

    SP = SUBLIMATION PUMP

    CC = COLD CATHODE GAUGE

    TC = PIRANI GAUGE

    IG = ION GAUGE

    BV = BEAM VALVE

    HBV = HAND BEAM VALVE (MANUALLY OPERATED)

    TCV = TURBO CART ACCESS VALVE (ROUGHING STATION)
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 ** LIGHT BLUE DATA SHOWS LOSS MONITOR DATABASE NAMES AND

     LOCATION.
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ALL DATA AND LINES IN DARKER BLUE REFER TO BPM AND CLEARING

ELECTRODES.  THE DATA BASE NAMES SHOW THE LOCATION WHERE

THE COAX (RED RG58), WITH THAT NAME, DROPS DOWN TO TUNNEL

FROM SERVICE BUILDING.  THE BLUE LINES SHOW HOW MANY DEVICES

ARE CONNECTED IN EACH GROUP.  DEVICES ARE HORIZONTAL BEAM 

POSITION MONITORS (HBPM), VERTICAL BEAM POSITION MONITORS 

(VBPM), AND CLEARING ELECTRODES (CLRG), WITH LOCATIONS AS SHOWN.
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E760/835 in situ
1280-block Pb-glass calorimeterH2-jet target



Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).

15

D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011 27

TAPAS
(The AntiProton Annihilation 

Spectrometer)

2.63 m

• Our proposal:

- Reinstall E760/835 barrel calorimeter



Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).

15

SciFi

SciFi

T
PC

Superconducting 
solenoid

D. M. Kaplan, IIT Fermilab PAC Meeting 8 Dec. 2011

- Add small magnetic spectrometer 
[Existing:  BESS  
magnet from 
KEK &
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Flux Return

- Add small magnetic spectrometer 

- Add precision TOF system

- Add thin targets

- Add fast trigger & DAQ systems

[Existing:  BESS  
magnet from 
KEK &
SciFi DAQ
from DØ               &
FNAL iron

27

TAPAS
(The AntiProton Annihilation 

Spectrometer)

2.63 m

• Take data at L = 2 x 1032 cm-2 s-1 

(charm, hyperons, XYZ plus many other topics...)

• Our proposal:

- Reinstall E760/835 barrel calorimeter

& CDF & DØ
electronics]

[New:  
targets, TPC, 
fiber planes,
TOF system]
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• TAPAS is very cost-effective:

 

   Yet to be updated for TPC costs, etc.

• Thanks to: existing calorimeter, solenoid, SciFi 
readout system, trigger & DAQ electronics

Cost Estimate
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Figure 1: Sketch of “upgraded E835” appara-

tus as discussed in text: a 1T solenoid sur-

rounds fine-pitch scintillating-fiber detectors,

and is surrounded by precision TOF coun-

ters, all within the existing E760/835 Central

Calorimeter. A return yoke (not shown) is

needed for proper functioning of calorimeter

phototubes.
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Figure 2: World average of D0–D0 mix-

ing parameters x ≡ ∆m/Γ, y ≡ ∆Γ/2Γ:

best-fit values are x = (0.59 ± 0.20)%, y =

(0.80 ± 0.13)%, and no mixing (x = y = 0)

is disfavored by 10.2σ [32].

Table 3: Construction and Installation Budget Summary; see Sec. 6.2 for details.

Item Cost (k$) Contingency (k$)

Targets 430 160

Luminosity monitor 60 20

Scintillating-fiber tracking system 1,820 610

Time-of-Flight system 500* 500

Triggering 1,390 460

Data acquisition system 490 153

Infrastructure 1,350 550

TOTALS 6,040 2,450

∗Detailed TOF cost estimates based on the University of Chicago “Large-Area Picosecond
Photo-Detectors” project are not yet available. This is a preliminary estimate from H. Frisch,
for which we assume 100% contingency.

We assume pp or pN luminosity of 2 × 1032 cm−2s−1, one order of magnitude beyond

that of E835, which can be accomplished by use of a denser internal target than the E835

hydrogen cluster-jet [33]. This could be a cryogenic, frozen-hydrogen target (already under

development, as discussed in Sec. 5.2) or a thin metal wire or pellet; these would be operated

in the halo of the antiproton beam.3

3A denser cluster-jet target may also be a possibility and is under development by the PANDA collabo-
ration [34].
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Possible Schedule:

Spectrometer & trigger/DAQ installation ~24 mo

Spectrometer & trigger/DAQ debug w beam ~3 mo

Measure σ(D*) 8 GeV ~1 mo

Find X(3872) E scan ~1 mo

Measure σ(ΩΩ̅) ΩΩ̅ thresh ~1 mo

Charmonium study ~3 mo

Install/debug TOF particle-ID upgrade ~3 mo

Charm CPV/Drell–Yan run 8 GeV ~12 mo

XYZ run / g – 2 running starts E scans ~12 mo

Hyperon CPV run ΩΩ̅ / Ξ Ξ̅ ~12 mo

Mu2e (and possible TAPAS upgrade)

}
TBD 
based 
on σ 
meas’ts
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• LHCb charm reach now well established: 

- 1.4 " 106 tagged D0 → K+K– / 0.58 fb–1

- By 2016 they will have up to another ≈ 2 fb–1 ⇒ 

a total of up to ≈ 8 " 106 tagged D0 → K+K–

- may improve charm trigger efficiency modestly – 
another factor ≈1.5 in statistics?

⇒ <~  1 " 107 tagged D0 → K+K–

• We estimate 0.3–3 " 107 per year

- but our major strength will be systematic: 
low multiplicity, CP-symmetric initial state, no B 
background, cylindrically symmetric B field

30
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• Super B factories:

• Belle now has 1 ab–1 or 109 cc!

- aiming for 50 ab–1 by 2021

- competitive for D0 CPV with 10 ab–1

 ⇒ >~  2018 (≈2 " 106 tagged D0 → K+K–)

• This (8 " 1035 cm–1s–2) will not be easy and may 
not come as quickly as hoped

• Super-B:  construction of tunnel and accelerator 
upgrade not yet started

31

Competition

Figure 20: Integrated luminosity vs time projected for Belle II at SuperKEKB [126]. SuperB
is likely to start later but aims at obtaining a similar reach.

4.6 Competition

Over the next several years, LHCb will obtain the largest charm samples of any approved
experiment. In the longer term, by the early 2020s the “super” B factories will integrate
sufficient luminosity to become competitive (Fig. 20), with ≈ 1× 108 tagged, reconstructed
D0 → K−π+ events.

LHCb is now publishing their first charm results, which (since they are already operating
at 3 × 1032 cm−2s−1, 50% beyond their design luminosity) are indicative of their reach in
future years. G. Wilkinson’s LHCb talk at the EPS 2011 meeting [127] reports a 6.5 mb
charm cross section, suggesting that LHCb charm statistics will be enormous. However, they
are in fact rather inefficient at recording and reconstructing charm decays — a necessary
consequence of their limited angular coverage and data-acquisition bandwidth, together
with the short D-meson lifetimes, which make their secondary-vertex trigger algorithms
inefficient for charm.

Specifically, Wilkinson presents [127] a histogram of D∗-tagged, reconstructed D0 →
K+K− decays (reproduced in Fig. 21) from 195 pb−1 of LHCb data. This decay chain
has a combined 2.6 × 10−3 branching ratio. The cuts chosen leave significant background
under the peak, which we can take into account by derating their statistics by the factor
N/(δN)2 = 679, 200/12002 = 0.47. Given the quoted cross section and integrated lumi-
nosity, their produced charm sample is some 1.2 × 1012 events. With the ∼ 10% TAPAS
acceptance× efficiency presented above, one would thus expect ∼ 108 tagged, reconstructed
events in this mode, where their sensitivity is in fact 7× 105× 0.47 = 3× 105 events. Their
acceptance× efficiency for these charm modes is thus only ∼ 10−4.

By 2016, given the long LHC repair shutdown, LHCb is expected to amass some 5 fb−1

of data. Extrapolating from Wilkinson’s EPS 2011 talk, the equivalent sample in tagged
D∗± → (Kπ)π will be≈ 4×107 events. (By trigger optimization they may gain an additional
factor of ∼ 2.) This should be compared with (0.3–3)×108 events/yr in Table 5 above. We

31

5 x 1010 c!c
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• BES-III:  Aiming for total of  <~  108 ψ(3770)

⇒ <~  105 D0 → K+K–

⇒ Not competitive for D0 CPV

• P̅ANDA:  No data before 2018

- FAIR accelerator construction not yet started
clearing of land (tree cutting) only just commencing

- once started, low luminosity for some years
potential synergies have led 2 P̅ANDA groups so far 
(Genoa, Uppsala) to join TAPAS – more may yet join

we help P̅ANDA by measuring bkgs & some signals,
reduce their MC dependence, train exp’ced cohort
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• Proton economics not a problem:  TAPAS will use 
≈ 2% of MI protons

• g – 2:  proposal to use Debuncher as π decay 
channel

⇒Debuncher time-sharing feasible 

we need Debuncher only ≈ 20% of the time

- other solutions also possible, e.g., permanent-magnet 
π-decay channel in Tevatron tunnel

• Mu2e:  proposal to use Debuncher as p buffer

- we finish before Mu2e ready

- or potential alternative scheme uses only Recycler*

33

Compatibility

* E. Prebys et al., “Findings and Recommendations of the Mu2e Task Force,” Nov. 7, 2011, 
http://mu2e-docdb.fnal.gov/cgi-bin/ShowDocument?docid=1911

http://mu2e-docdb.fnal.gov/cgi-bin/ShowDocument?docid=1911
http://mu2e-docdb.fnal.gov/cgi-bin/ShowDocument?docid=1911
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Report of Nov. ’10 PAC:

1. “Physics case weak”

2. “Collaboration too weak”

3. “Detector construction project too big and 
complex”

4. “Incompatible with g – 2 and Mu2e”

34
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1. “Physics case weak”

• No –#the physics case is strong

- We have argued for many years crucial importance 
of charm and hyperon physics but few have paid heed

- LHCb signal now shows that search for new physics 
must be comprehensive

mistaken strategy to try to “pick winners” when nature 
of new physics is unknown

- In focusing purely on down sector, or meson sector, 
could miss crucial clues

- Unique XYZ reach also important
35
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2. “Collaboration too weak”

• TAPAS is in fact a relatively small project and does 
not require hundreds of collaborators –#50 to 100 
will suffice

• Since last year, we have succeeded in signing on 8 
new collaborators from CEA Saclay, INFN Genoa, 
U Hawaii, Korea U, NIU, Uppsala U

- fleshing out Drell–Yan physics reach is helping

- some additional strong groups are interested & will 
most likely join if TAPAS encouraged
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3. “Detector construction project too big & complex”

• Major item is construction of SciFi tracker

• We accomplished this in MICE in 2 years, with 
substantial R&D which need not be repeated

• Proposed work can be carried out in 2 years

• Construction (esp. TOF) can be staged if necessary
37
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4. “Incompatible with g – 2 and Mu2e”

• We can share the Debuncher with g – 2 at relatively 
modest cost

- a bargain:  >>   double the physics, <<< double the cost 

• We can finish before Mu2e needs Debuncher #

- also potential Mu2e Recycler-only solution

- Mu2e Task Force nevertheless recommended 
Recycler+Debuncher scheme to avoid ≈ a year of R&D

• Sufficient reason to sacrifice facility unique in the world?
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Breadth of Program
• Partial list of physics papers/thesis topics:

GeneralGeneral

1 Particle multiplicities in medium-energy pbar-p collisions

2 Particle multiplicities in medium-energy pbar-N collisions

3 Total cross section for medium-energy pbar-p collisions

4 Total cross section for medium-energy pbar-N collisions

CharmCharm

5 Production of charm in medium-energy pbar-p collisions

6 Production of charm in medium-energy pbar-N collisions

7 A-dependence of charm production in medium-energy pbar-N collisions

8 Associated production of charm baryons in medium-energy pbar-N collisions

9 Production of charm baryon-antibaryon pairs in medium-energy pbar-N collisions

10 Measurement of D0 mixing in medium-energy pbar-N collisions

11 Search for/Observation of CP violation in D0 mixing

12 Search for/Observation of CP violation in D0 decays

13 Search for/Observation of CP violation in charged-D decays

HyperonsHyperons

14 Production of Lambda hyperons in medium-energy pbar-p collisions

15 Production of Sigma0 in medium-energy pbar-p collisions

16 Production of Sigma- in medium-energy pbar-p collisions

17 Production of Xi- in medium-energy pbar-p collisions

18 Production of Xi0 in medium-energy pbar-p collisions

19 Production of Omega- in medium-energy pbar-p collisions

20 Production of Lambda Lambdabar pairs in medium-energy pbar-p collisions

21 Production of Sigma+ Sigmabar- pairs in medium-energy pbar-p collisions

22 Production of Xi- Xibar+ pairs in medium-energy pbar-p collisions

23 Production of Omega- Omegabar+ pairs in medium-energy pbar-p collisions

24 Rare decays of Sigma+

25 Rare decays of Xi-

26 Rare decays of Xi0

27 Rare decays of Omega-

28 Search for/Observation of CP violation in Omega- decay

CharmoniumCharmonium

29 Production of X(3872) in medium-energy pbar-p collisions

30 Precision measurement of X(3872) mass, lineshape, and width

31 Decay modes of X(3872)

32 Limits on rare decays of X(3872)

33 Production of other XYZ states in medium-energy pbar-p collisions

34 Precision measurement of the eta_c mass, line shape and width

35 Precision measurement of the h_c mass, line shape and width

36 Precision measurement of the eta_c' mass, line shape and width

37 Complementary scans of J/psi and psi'

38 Precise determination of the chi_c COG

39 Production of J/psi and Chi_cJ in association with pseudoscalar meson(s)

• ≈ 50–100 PhD thesis topics

• By maintaining hadron physics at Fermilab, TAPAS could multiply 
Lab’s physics output several-fold

 ... and if Nature is kind, make important discoveries as well!
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Study of charm mixing via Dalitz-plot analysis of D0 --> K0 K+ K- decays 

Search for rare charm decay D0 --> e+ e- 
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• TAPAS can independently confirm and complement LHCb 
charm CPV indication long before super B factories will

- The HEP world can’t wait until ≈2020 for this.

• Along with other physics topics, can provide broad hadron-
physics program at Fermilab –– with important discovery 
reach –– while new, big experiments under construction

- Key to maintaining healthy Fermilab & US program.

- The only proposed Fermilab experiment that can start before 
g – 2 & Mu2e.

• We request scientific approval, so that detailed design 
optimization and construction planning can commence

40
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Conclusions

• We have been doing experiments at Fermilab since ≈1972 –
we know that (with our help) Fermilab can do this!


